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ABSTRACT 
Measuring Efficiency of Container Ports: An analysis by organisational and ownership . 
structure 
VINCENT FRANCIS VALENTINE 
Fundamental to any business is the concept of performance. This can be compared by using 
the competition as a benchmark for achievement or by comparing performance vidth 
previously defined goals and objectives. Stakeholders constantly demand to know whether 
their investmerit in a company is obtaining an adequate return and whilst there are 
established accounting techniques to calculate return on investment or capital employed, 
calculating efficiency can be rather a grey area in some industries. Ports are no exception 
and it is only by comparison that performance can be evaluated. Ports are, however, a 
complex business with many different sources of inputs and outputs which make direct 
comparison among apparently homogeneous ports seem difficult. The subject is fiirther 
complicated by the various types of port ownership and organisational structures that exist 
throughout the world. 
This thesis seeks to determine whether there is a particular type of ownership and 
organisational structure that leads to a more efficient port. This aim is achieved by 
examining the efficiency of differently owned container ports, comparing privately owned 
ports against those remaining in the public sector, and those that have elements of both 
public and private ownership patterns. In addition, the organisational structure of those 
ports examined is analysed and classified with the results placed into a singular conceptual 
model for a clear comparison. The conceptual model can be then applied to any type of 
business enabling the performance of ownership and organisational structures to be 
compared with ease. The results of this thesis show, that there is a strong relationship 
between the relative efficiency of ports examined and organisational structure and a weaker 
relationship between port ownership patterns. These results should assist govemments, port 
administrators aiid port ovraers in determining the different ways they can structure their 
ports. 
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Chapter 1 Inti'oductipn to the research. 
Understanding performance is a concept flmdamental to any business, whether it is the 
measuring of achievements against set goals and objectives or agamst the competition. 
Ports are no exception and it is only by comparison that performance can be evaluated. 
Ports are, however, a complex business with many dififerent sources of inputs and 
outputs which make dhect comparison among apparently homogeneous ports seem 
difficult. The subject is further comphcated by the various types of port ownership and 
organisational stmctures that exist throughout the world. During the last two decades 
the ownership of one of the most important trade entry pomts mto any country, the 
seaport, has changed from bemg solely m the hands of national or local govenmients 
into, either wholly or partially, private hands. It is this change which is called 
privatisation that has attracted much mterest from both academics and those working 
withm the industry. Some countries have rapidly progressed towards this goal of 
privatisation whilst others have been hindered by political, fiscal or labour factors, or a 
general unwillingness to accept change. This thesis will look at how these seaports are 
owned and how their stmcture is organised to determine whether these factors have any 
relation to their performance. 
1,1 Aim and objectives 
This research aims to investigate the efficiency of container ports usmg organisational 
and ownership stmctures. Privately owned contauier ports will be compared against 
those remaining in the pubhc sector and those that have elements of both public and 
private ownership patterns. In order to achieve this aun, there are several objectives that 
this research will have to undertake. A literature review will be carried out upon the port 
sector to estabhsh developments and identify current trends. The port sector itself will 
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be exammed to identify trends occurring both in the port industry and within the wider 
shippmg and logistical context that has a bearing upon the port industry. A literature 
review will also be imdertaken into the various different methods of calculating port 
eflSciency. Various efficiency models will be examined to see which model will be used 
for this research and what variables are to be included in the equation. Port efficiency 
will then be tested from a sample of ports chosen from the top 100 contahier ports. In 
order to understand the concept of privatisation within the port envirormient a hterature 
review will also be made of the origms, development and extent of the concept of 
privatisation throughout all industries. Specific examples of port privatisations will be 
examined to compare the different methods adopted by various countries. In order to 
compare organisational structures of ports, a review will be conducted hito the theory 
underlymg organisational developments. Using these findings a conceptual model of the 
port industry in terms of organisational and ownership stractures will then be devised. 
The resuhs from the efficiency test will be appUed to the conceptual model which 
shoidd indicate which type of organisation and ownership stracture leads to a more 
efficient port. The results of this research will assist govemments, port administrators 
and owners in determhnng the most suitable forms of port organisation. 
1.2 Research hypotheses 
The use of conceptual models enables a visualisation of the Unks and relationships 
between different parts of the process being studied as well as the testing of hypotheses. 
The use of hypotheses m models also enables a visualisation of where the hypothesis 
fits together into the overall position and establishes whether there is a link, so proving 
or disproving the hypothesis or bringing new ideas into play. Webster's dictionary 
(1968) defines hypothesis as 
"a tentative assumption made in order to draw out and test its logical or 
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empirical consequences. ... Hypothesis implies'insufficiency of presently 
attainable evidence and therefore a tentative explanation." 
For the purpose of this research the hypotheses described in the next section are to be 
considered. The reason for this is that these hypotheses are important to the debate 
surrounding privatisation and're-stmcturing that numerous govemments throughout the 
world have decided to initiate. 
1. That the ownership stmcture of a company has a dhect causal hnk with the 
efficiency of that con:q)any (Boardman and Virming 1989). 
2. Efficiency has no correlation with ownership stmcture in a company but rather is 
related to other extemal factors (Iyer 1988). 
3. There may exist a causal relationship between organisational stracture and that of a 
firm's performance (Covin and Slevm (1988). 
1.3 Rationale 
Much work has been written on the subject of port privatisation as will be seen m the 
literature review. The issue of the effect of privatisation m general on the performance 
of companies has also been considered in many industries. Likewise there is also much 
research into organisational stractures and how they affect performance. However, there 
has been no previous research of which the author is aware that combines ownership 
and organisational stractures and their relationship to port performance. The rationale 
therefore in choosing to look at ports from this perspective is to fiirther the boimdaries 
of established research and bring together the apphcation of business functions into port 
literature. 
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i.4 Originality 
This reseairch is original in its. approach since it sets otit to relate established theories on' 
the effects of ownership arid organisational structure to the efficiency of ports. The 
research is therefore an amalgamation of some established principles, viz. property 
rights, organisational theory and port efficiency, which sets out to form together one 
conceptual model of the port industry into which the many different examples of port 
types can be included enablmg a simple comparison of performance. Thus this research 
can simply be said to be an investigation into established theories with the aun of 
producing a conceptual model. To this extent this research can be summarised even 
fiirther by saymg that the originality of this document can be seen in Figure 7.2. The 
path however that leads to this figure is what makes up the subject of this dissertation, 
for it is not enough to say that the Earth revolves around the Sun, the real task is in 
explaining the theory behind why it does. 
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Chapter 2 World port sector 
2.1 Introduction 
As mentioned in chapter one the aim of this research is to investigate the most efBcient 
ownership and organisational stracture of container ports. Contamer ports were chosen 
because of the increasing role that they play within international commerce. This 
chapter sets out to look at the world port sector and the developments that have occurred 
in recent tunes. It also exammes port choice, competition and the process of measuring 
port efficiency. It explains why much emphasis is placed upon the subject of efficiency 
even though, as we shall see, there is no universally accepted definition or a 
homogeneously adopted practice that sets out to calculate this equatioa Finally, this 
chapter considers the major port/termmal operators involved in the industry. 
Since the 1960's contamer traffic has grown at an increasmg rate with no sign of 
abating. World container port traffic contmued to expand m 1998 at a rate of 6.7 per 
cent over 1997, reachmg 165.0 million TEUs, of which 88.5 million TEUs (or 53.6 per 
cent, compared with 50.9 per cent in 1997) were handled at the ports of developing 
countries (UNCTAD 2000). Despite the Asia and Russian crisis in 1999 the world 
seabome trade in dry cargo was estimated to have grown at 2.9%. This is also the 
average for all of the 1990s. Containerised cargo in 1999 however rose by 8.4%. In 
1980 contamerised cargo accounted for around 20% of the general cargo market, 
whereas by 1999 it reached 53.7% and was expected to be 57% by 2002 (Drewry 2000). 
Drewiy (2000) also report that 1999 was the first year world container port traffic 
surpassed the 200 milhon TEU threshold. On average container port throughput 
increased by 9.7% in 1999 on the previous year. The largest area for growth was the Far 
East with an average of 12.5%. The ports of Dalian and Shanghai stand out as havmg 
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achieved an increase of 32.2% and 37.3% respectively (Drevviy 2000). This is further 
supported by UNCTAD (2000) who stipulate world output in general grew by 2.7% in 
1999 over the previous year with developing countries (China included) averaging 
3.4%. Furthermore, Dynamar (2001) state that growth m world trade of around 6% per 
aimum on average means that by 2020 world container trade will mcrease from its 
present 550 million tonnes to 1.75 billioii tones. 
Ships are also mcreasmg in size and capacity, and long gone are the days when a 
handful of containers were carried on the deck of a general cargo vessel. The size of a 
container vessel used to be determined by the width of the Panama Canal and the largest 
vessels capable of transitmg it were called Panamax vessels. Panamax vessels can carry 
up to approximately 4,800 TEU. There are now vessels sailmg the world's oceans that 
are purpose buih container ships capable of carrymg in excess of 8,000 TEUs and are 
termed post-Panamax vessels. Post-Panamax ships m service now represent about 7.5% 
of the world container fleet and 22% by seagoing capacity. Theses figures are set to rise 
to 8.6% and 24% respectively when current order books are delivered (Tozer and 
Penfold 2001). In terms of toimage Asmussen (2001) put the size of the container fleet 
at around 12% or 63m GT, of the world merchant fleet, and makes a prediction that the 
percentage of general cargo contamerised today will grow from 70% to 90% by 2010. 
The largest container vessel, Maersk Sealand, is reported to have a capacity of around 
8,700 TEUs but the actual figure is a commercial secret. However Dynamar (2001) 
claim that conceptual designs have been maide for the 'Malacca Max' size vessel with a 
capacity of 18,000 TEUs. However, ports such as Bremerhaven and Hamburg predict 
that the maximum vessel they can accommodate is around 12,500 TEUs. Robinson 
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(1998) in looking at the emergence of hub-feeder ports hi the Smgapore-Japan corridor 
concludeil that the high growth rates of containerised cargo have not only spawned new 
ports but have also increased the proportion of port handlmg volumes thereby justifying 
them as main ports of call rather than feeder ports. However, in lookmg at the shipper's 
criteria in selectmg contamer ports Slack (1985) found that the choice of port appears to 
be based more upon price and quality of service offered-by land and ocean carriers than 
the port itself He states that port facilities seemed to be'taken, for granted; If this was. 
the case in 1985 then changes to ports around the world since then have created a 
different approach. Slack et al (1996) recognise these changes when they state that the 
process of taking business for granted because of geographical location has now gone. 
Container ports can no longer rely on customer loyalty due to changes that may occur m 
the reschedulmg of Imer services. Heaver (1995) states that once the efiBciency of a 
port's cargo handling process and inland transportation services are improved, 
geographical monopoly powers are eroded. Ports can no longer expect to attract 
business merely because they are gateways to vast hinterlands (Notteboom and 
Wmkelmans 2001). 
One worry for ports is that new global alliances could mean that they are dropped in 
favour of ports never before perceived as a threat. This point is particularly relevant to 
Smgapore and the Malaysian port Tanjung Pelepas which obtamed the business of 
Maersk after Smgapore refiised to give the luier company its own terminal (Dynamar 
2001). The process of port privatisation which underwent a world-wide surge during the 
1990s has made shippers more aware of the dilBferences hi quality and service between 
ports. Whereas before the shipper was faced with a choice between different state 
owned ports the choice now involves privately run enterprises and jointly owned 
companies. Port competition is now more of a reality, that JFleniirig and Baird (1999) 
state is influenced by the following six factors: 
• Port tradition and organisation 
• Port accessibiUty, by land and sea 
• State aids and their influence on port costs 
• Port productivity • : .. 
• Port selection preferences of carriers and shippers 
• Comparative location advantage 
These privately run ports concentrate on customer satisfaction and are armed with 
private finance to mvest in the latest technology. Trajilh and Nombela (1999) highlight 
this point by stating that, because of contamerisation ports have changed from being 
labour intensive to more capital intensive industries that require substantial uivestment 
in infrastracture and equipment. Electronic Data Interchange (EDI) is rapidly becoming 
the accepted method of processing routme documents. Private port owners want to see 
greater throughput in traffic at an ever increasing rate to generate the profit sought by 
thek private financiers. This has its repercussions on the shipowner whose requurements 
are given more consideratioa Not only is the shipowner seemg a faster tumaround time 
of his vessels in port but also a lower unit handlmg charge by the port. Brazil's port of 
Santos has seen a pre-privatisation container handling charge of $500 per TEU drop to 
$253 within 36 months following privatisatioa Although this is a significant saving to 
the shipper it is still above the port's target price of $150 per TEU, set at the tune of 
privatisation (Gaviria 1998). 
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2,2 World trade ovei'view . 
Growth m world trade "has tended to outpace growdi m iflie world economy. Figures 
from the Intemational Monetary Fimd (IMF) suggest that m the 1980s world trade in 
goods grew 1.2% per annum faster than the world economy. During the 1990s this gap 
widened to 3.2% (IMF 2000). Consensus among analysts is that world container traffic 
will grow at 5-6% pa during the early years of the millennium (Stopford 2001). Figure 
2.1 shows that from 1948 intemational trade was worth around $60m but by 2001 this 
figure had grown to almost $6,000 million. • - ' 
Figure 2.1 Worid trade by value 
It has been estimated that over 50% of intercontinental contamers are now shipped by 
large multinational or global companies. By 2010 this percentage is expected to grow to 
70% (Frankel 1999). World contamer traffic, as measured by the number of TEUs 
handled at port:s, has been growing at 8-9% pa over the last decade. This growth rate is 
in fact greater when one considers that there is a gradual increase in the number of 40' 
containers being handled. Although when considering tonnage it is important to note 
that 40' boxes tend to handle bulkier, but not necessarily heavier loads. The growth rate 
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in the movement in the number of units is also greater than the tonnage or real value of 
cargo recorded ui trade data, because of the mcfease m transhipment of containers by 
different ports around the world. 
Juhel (2001) states that despite the Asian crisis of the late 1990's Suigapore's transport' 
and communication sector grew by' 5.5% m 1998 whilst manufacturing remauied 
stagnant. As shipping lines deploy larger ships on the main trade routes, often in 
consortia or alhances with other lines, it is either practically impossible or economically 
unviable for them to call at as many ports as in the past. However, Slack et al (2001) 
deny that there is a decrease in the number of ports being served but rather a status quo 
as new larger alhances tend to caU at the same ports as previously, but with more 
vessels under their command they are able to do this with each vessel calling at a 
limited niunber of ports. Hence the mcrease m transhipment between hub and spoke 
ports. For some major container ports such as Colombo and Algeckas transhipment 
traffic makes up 70-80% of thek total throughput. It has been estimated that 26% of 
world port movements are transhipment (Cargo Systems 2000). 
World seabome trade recorded its fourteenth consecutive annual increase in 1999, 
reachmg a record of523 billion tons. Annual growth, however, declined at a rate of 1.3 
per cent, the lowest smce 1987, whereas global maritime trade gro\vth for 2000 was in 
the region of 2 per cent. Total maritime activities measured in ton-miles in 1999 reached 
21,480 billion m comparison with 21,492 billion the previous year. 
The world merchant fleet expanded to 799 milhon dead-weight tons (dwt) at the end of 
1999, representing a 1.3 percent increase over 1998. The relatively low rate of fleet 
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expansion reflects'the balance between newbuilding deliveries of 40.5 million dwt and 
tonnage broken up and lost of 30.7 million dwt, leavmg anet gain of 9.8 million dwt. 
The development in contamer traffic over the last 40 years has been phenomenaL More' 
recently this growth can been seen in deveiopmg countries of the Far East, hi particular, 
over the last decade Chma's intemational contamer shipping has grown, rapidly with ' 
port throughput rismg from 2.2 million TEUs m 1991 to 8.1 million m 1996. By 2000 
this figure had doubled to over 16m TEUs making the whole of Chma's container traffic 
equivalent to the Chmese state of Hong Kong in terms of container throughput. Still, 
most of the growtii has been confined to the coastal provinces; only 24 percent of 
seabome contamers travel beyond port cities. Indeed, most are stripped in ports and 
their cargoes are carried in break-bulk to inland destmations due to the lack of 
mirastmcture capable of handling containers. Consequently, some of the mam benefits 
of container transport such as, a means for door-to door or dock-to-dock transport, have 
yet to be achieved m Chma (World Bank 1999). 
2.3 Port development 
Since Roman tunes, ports have played a strategic role for a region. Rome itself became 
the first nation to rely heavily upon foreign imports of gram to feed its population. 
Natural ports were among a region's greatest assets and hence why most of the world's 
largest cities are situation upon the banks of rivers and natural harbours. As such, the 
case for ports as a public asset was estabhshed. The word port comes fi-om the Latui 
partus, meaning a haven or harbour. These tended to be natural shelters that were later 
developed with the addition of shore facilities for the loadmg and unloadmg of cargo 
and the dredging of channels to improve access. With the arrival of the mdustrial age in 
the nmeteenth century dredging procedures became more rehable and in some ports 
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breakwaters were built to enhance the natural shelter over a greater area. These 
mnovations and the development of trade and safer ships all contributed to the 
mcreasuig number of ports. 
The port sector has radically changed over the past two centuries. Durmg the 19* 
Century and the first half of the 20* Centuiy ports tended to be regarded, by .state or 
colonial powers, as a means by which to control markets. Competition between ports 
was minimal and port-related costs were relatively msignificant in comparison to the 
high cost of ocean transport and mland transport. As a result, there was little incentive 
to hnprove port efficiency. However, as the risk associated with mtemational sea 
voyages has reduced and thus attention has been diverted fi'om perils of the sea to other 
areas within the logistical chain for ways to reduce costs. 
In a global economy many firms search the world for lower mput costs, e.g. cheaper 
labour, which has led to greater competition thus resulting hi it becommg,necessary to 
mtegrate ports into manufacturing and distribution systems. The physical infirastracture 
of ports must therefore ensure not only that there is ready access for ocean and land 
transport operators, but also the receivmg, dispatch and handlmg of cargoes at 
reasonable cost. 
For over 100 years any attempt by shipping operators to respond to commercial needs Or 
achieve new economies of scale, was restricted by the slow rate of loadmg and dispatch 
of general cargo vessels. For example, a vessel of approximately 10,000 dead weight 
tons (DWT) would reqmre five days and nights and 125 dock workers per shift to load 
10,000 tons of cargo, the maximum size of general cargo vessels: if more cargoes were 
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to be moved on a particular trade route additional vessels had to be brought into service. 
By about 1950 it was also becoming clear to the leading shipowners and port authorities 
that the only way to accommodate any fitrther mcrease in the volume of world trade was 
to adopt some form of containerisation. The container revolution, though it grew out of 
palletisation, bandmg and cratmg, was a comparatively sudden development that had 
devastating effects on ports, and the "entire physical distribution business. Because it is 
an intermodal form of transportation, rmitmg road andrail, ports and shippmg,. it has to 
be looked at m its entirety to appreciate the full extent of the impact (Nettle 1988). 
"Whatever form it took, the success of containerisation exceeded the wildest dreams of 
port and ship operators. Container berths could handle ten times the cargo of 
conventional berths with only a fraction of the work-force. A ship of a size that might 
previously have taken between a week and a fortnight to unload and reload could now 
be tumed round in a couple of days (Jackson 1983). 
Contamerisation enabled an mcrease hi productivity through the standardisation of 
cargo mto homogeneous units. The transport of general cargoes m contamers began on 
26* April 1957 when the Ideal X, a modified T-2 tanker carrying 58 containers, set sail 
from New York to Houston, Texas. Three months later, port handUng charges on 
general cargoes had dropped fi:om US$ 5.83 to just US$ 0.15 per ton, and handlmg 
times were cut to one fifth. Following the introduction of containers on routes between 
industrialised and deveiopmg countries, dock-worker unions, labour mmistries and 
central Goveimnents in the latter cpimtries often expressed their rejection of this new 
unit of transport because of the reductions in labour brought about by its 
implementatioa hi the UK dock labour force of 60,000 men in 1965 was reduced to 
18,000 by 1982. Job losses were necessary as a result of both contamerisation and due 
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to a series of recessions brought about due to the oil crisis of the 1970s. 
Only a few countries in the world are able to produce all of then: basic necessities within 
then: own borders. However, no one country can produce all that its population deshes 
at a price that is favourable. This lack of autarky has therefore led to a need to specialise 
and concentrate production on those goods that can be produced at a cheaper fate.-than 
elsewhere. Traders will then want to exchamige their goods. This is the backbone to 
intemational trade. The port mdustry as a facility for the transportation of goods into 
and out of a country is thus vital for mtemational trade. Just as the UK led the world 
mto the mdustrial era so too did it play a significant role m privatisatioa Privatisation in 
deveiopmg coimtries is often the first phase in a process of mdustrial liberaUsation and a 
ihove towards industrial progression. Viewed as this first step towards creating free 
frade it has therefore not surprismgly been a high priority on developing countries aims. 
It begins with the transferring of absolute control of industry away from the goverrunent 
to private partners with particular expertise. The reasons for this change are numerous 
but can be surmnarised as follows: improvements m efficiency through private sector 
management skills; enhancement of service quahty through improved commercial 
responsiveness; reduction in the fiscal burden of loss making state enterprises or the 
need for the future subsidy; a reduction in the fiscal demands on central and local 
government through access to private sector capital; and additional revenue sfreams 
(Port Development Intemational 1999). 
The more important the port to the national economy, the more pressure there will be on 
port managers to attract and retain valuable customers. Some ports can be extremely 
valuable players m the national economy and the loss of major customers could have a 
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big ripple effect on employment and local income. For exan:q)ie, the port of Rotterdam 
(Netherlands) is a key element hi the Dutch economy. Development projects undertaken 
by the port over the past six years have created 45,000 man-years m temporary 
employment and 17,500 man-years in permanent employment hi the Netherlands 
(World Bank 2001). The marketmg program for the Port of Rotterdam highlights the 
fact that 80% Of Europe can be reached by road-from its facilities withhi 24-hours. 
Through such advertismg the port and the Dutch government hope to persuade shippers 
to use theh port for cargoes destmed for neighbouring countries. Thus, Rotterdam is 
able to have a far larger port than would normally be warranted for a nation the size of 
the Netherlands. Smgapore is also another example of a port that has a significant 
relationship to the national economy. It is no coincidence that these ports play a 
significant role in their country's economy because, due to their relative compacmess, 
these states have little natural resources and thus rely heavily upon intemational trade to 
mamtain their economies. 
Since industrialisation, the costs of infrastructure have mcreased dramatically as more 
specialist equipment is needed to serve different types of vessel. Convention developed 
that govemments would bear the costs of buildmg and maintaining transportation 
systems like ports since the high levels of capital needed in theh: development could 
only be provided by a few. Govemments tradirionally have been more mchned to seek 
financial backmg but reluctant to see any delegation of power. The idea of ports as the 
gateway to the outside world guaranteed theh lofly place among national priorities. 
Ports were too valuable to be left in the charge of the private sector. The state ran the 
dredging of harboxus, constmction of facilities, and management of services. Because 
ports are historically public in character, they have not been driven by competition as 
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with the private sector. Without the presence of market forces there has been little by 
way of incentives to adopt change or seek hnprovements to established systems. Only 
when there is a case of several public ports in the same market (i.e. the case with 
attracting discretionary trade) can efficient ports be found. Ports are now bemg steadily 
transformed by the evolution of new markets, services, technologies and regulatory 
forces. -
Gone are the days when a port's sole role was to provide an interface between ocean 
and inland transport, now it must also provide complementary services for loadhig and 
dispatch operations, such as storage, processing and distributioa In fulfilling these 
objectives other, physical, commercial, social and strategic aspects have to be taken into 
account. 
Ports generate two types of economic benefits, direct benefits (private goods) through 
their operations of moving cargo and indirect benefits (pubhc goods) in the form of 
trade enhancement. They also create increases in production volumes and collateral 
increases in trade-related services. Many ports to justify dhect pubhc sector investment 
for enhancing national wealth have used these 'economic muhiplier effects'. It is in this 
dual production of both pubhc and private goods that complexities arise, which makes 
defining roles for and boundaries between the public and private sectors challenging in 
the ports mdustry. Notwithstanding the direct cost benefit ratios in the port, extemal 
economies and diseconomies can affect the national foreign trade dependmg on the 
efficiency of the seaport. Ports generate economic multipher effects in a variety of 
ways; petro-chemical mdustry, value added services, repah and mamtenance, packagmg 
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and re-packaging, labelling, testing, telecommunications, banking, customs and inland 
transport. 
Industrial clusters are geographic concentrations of private companies that may compete 
with one another or complement each other as customers and suppliers hi specialised 
areas of production and distributioa Large ports-offer particularly attractive locations 
for "seed" industries and distribution-intensive enterprises. Several notable port-centred 
industrial clusters have developed over the last 50 years hicludmg those in Rotterdam, 
Yokohama, Antwerp, Hamburg, Marseilles and Houston (World Bank 2001). 
With a retrospective glance at port development it is clear to the 21 '^ Century reader that 
ports have changed considerably in the last 30 years. The foimdations of the modem 
port can be said to have been laid ia the mid 1960s. However by taking a contemporary 
view from authors writing hi the early 1970s we can see that change is endemic of all 
epochs. Klaassen and Vanhoe (1970) signify change by statmg that the Uberalisation of 
world trade has enabled mdustries in developed countries to rely on distant sources of 
raw materials. Bud (1971) says that the industrial fimction of ports has grown not only 
due to the availability of huge cargo instalments but also because large-scale industry 
needs wide flat sites, not distant from home markets and nearby for exports. The 
contamer revolution brought about the emergence of a new type of ship, the dedicated 
contamer vessel. This change meant that ports had to change the way they loaded and 
imloaded cargo, providing space for ancillary services that stuffed and destuffed cargo. 
The revolution was not however Umited to ports, as time progressed larger and larger 
contauier vessels emerged with predictions of an 18,000 TEU carrying vessel, compared 
with around 7/8000 TEUs at the start of the millennium (Drewiy 2001). Ship design 
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was itself limited by technological means. The development of notch-toughened steel 
durmg the second world war paved the way for larger hatch covers." Larger hatch covers 
meant quicker loadiag and unloading times. 
The containerisation of cargo is but one element that has had an effect upon the 
transportation process within ports that has occurred in recent times. Land based 
coimectivity has also had an effect upon port operatioris. Followmg the second world 
war and the growth of private vehicle ownership motorways began to emerge to carry 
the ever-increasing traffic and heavier loads. This increase in capacity fuelled with an 
increase in demand for consumer products saw an increase in port activity. Railways 
also became better connected to ports thus providmg several choice options for 
importer/exporter and freight forwarder alike. 
A seaport has an important direct and indirect employment function in its regioa The 
high value added service which is produced in the port creates on the one hand a 
substantial income and on the other revenues in the form of taxes for the govermnent. 
The macroeconomic function of the seaport has to be taken mto account mainly in terms 
of transport and port policy (Stuchey 1993). 
As far as the transport fimction is concerned, the port plays an important role as a link in 
the mtemational chain of transport. In this respect port services are part of the logistics 
costs for mtemational trade. Stuch^ (1993) states that as a general rule five to ten 
percent of the overall costs hi the chain of transport are port related. 
Compared with other industries port services are characterised by some typically unique 
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aspects viz. 
• Capital allocated in seaports is very largely immobile 
• Port investment has a long depreciation period 
• Overproduction or imderproduction of port services cannot be stored or sold 
• The demand for port services is largely a derived demand 
• The port's service is orily a mmor part in the trarisportation 
(Stuchey 1993) 
This latest point highlights that the market position of a port is to a large extent 
dependent on the prices and services of the shippmg lines callmg at the port and the 
services and prices of the hinterland transport system servmg the port. Thus, if these are 
not competitive then the port may have a difficult task in attracting new business. 
2.4 Factors detennming port choice 
Ports by theh- very natiu:e are required to adopt a pivotal role in the Imk between the 
transport systems of both land and sea regardless of whether the cargo is bound 
mtemationally or for short sea coastal joumeys. The success of a port is determmed by 
many factors both mtemal and extemal. These hiclude the geographical location of the 
port relative to the main shippmg routes; topographical features such as sheltered 
anchorages and deep water which may have an effect upon the size and types of vessels 
usmg the port; the national attributes and consimiption patterns of the population in the 
hinterland as well as the mherited benefits derived over time, e.g. the growth of local 
industries such as shippmg companies and petrochemical plants and the land-side 
connection with other modes of transportation such as road and rail. 
Sirykens (1988) in his work refers to a 1977 publication issued by the Directorate 
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General (Transport) of the Commission of the European Communities on the 
contemporary situation m transport between ports and theh: hinterland m which port 
choice factors were analysed. According to that study the factors that mamly hifluence 
port choice were: 
• Thenumber and. frequencies of regular departures 
• The available franshipment facilities 
• Special faciUtiesforthe handling of specific cargoes 
Lesoume and Loue (1978) were commissioned by the port of Dunkhrk to determme 
factors mfluencing port choice. Four hundred and fifty industrial concerns were 
consulted on the elements that they thought to be hnportant hi the selection of ports. 
Most hnportant to them were the followmg factors: 
• Total cost 
• Port equipment 
• Number of regular lines, volume of fraffic 
• Accessory costs 
• Quahty of port services 
Lesoume and Lou6 (1978) concluded that in many cases the mdustrial concerns did not 
have substantial knowledge about port facilities but they were mostly hiterested m the 
number of regular Imes and in the total cost involved using the port Slack et al (1996) 
state that the process of taking business for granted because of geographical location has 
now gone. Container ports can no longer rely on customer loyalty due to changes that 
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may occur in the rescheduling of liner services through alhances and mergers. 
Slack (1985) in an earlier smdy suggested that decision-makers were influenced more 
by the price and service considerations of the land and ocean carriers than by perceived 
differences hi the ports of entry and exit. Port infirastmcture did not appear to play an 
important role in the routing decisions niade by important groups of. independent 
busmesses mvolved in the North American contahier trade. 
Port competition in Slack's (1985) opinion has been viewed traditionally as a struggle to 
achieve control over the hinterland as even primary iunterlands are subject to 
penetration by other ports. Slack (1985) states that there is an assumption by users of 
port facilities that appropriate equipment is hi place. The conclusion is that the decision­
makers' choice of routes is determmed by the transportation costs and service 
differentials rather than by characteristics of the seaport terminals. Therefore ports 
should endeavour to improve theh land and ocean Ihiks. Marketmg efforts of ports are 
likely to have a greater hnpact on forwarders and exporters with co-operation of the 
shipping Imes. Benefits of improvements m facilities are most likely to be reahsed by 
shippmg companies and only indirectly stimulate trade growth (Slack 1985). 
2.5 Port competition 
When the Regma Maersk (85,000 DWT and 6,000 contamers) called at Smgapore, 
3,500 contamers were handled in 18 hours (194.4 per hour). The shippmg Ime mformed 
other ports that they would at least have to match productivity in the port of Kobe, 
Japan: namely, 120 contakiers per hour (World Bank 2001). 
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Container port trafl&c is mainly determined by cost and service advantages rather than 
other factors such as speed. There is some evidence that non-cost fectors play an 
important role m the general cargo trades. Reliability, speed and quaUty-of service are 
more important than price. The most important factors appear to be elements concemed 
with the transport and handlmg of contamers m the port. Port security has also grown in 
importance following high profile terrorist attacks. Thesize of the port nowadays does 
not seem to be of a great importance.. 
Where ports are stiU state owned govenunents have tried to mtroduce what they term 
competitioiL In China, the container operations at Tianjin Port are currently carried out 
by two state owned enterprises (SOE) termmal operators. However, no genuine 
competition exists between them since both are 100% owned by Tianjm Port Authority 
(World Bank 1999). 
Port compethion is a very complex notion that has changed considerably smce the 
introduction of multimodal transport. There is no longer a direct cost relation between 
the consumer and a port, as most port expenses are matters that are under control of the 
shipper. Shippers need not be interested in a specific port or its handlmg capabilities as 
the multimodal transporter relieves them of this concern by providmg a door-to-door 
service. In some cases the port has simply become a point transited on the way to a final 
destination. Although the total distribution cost affects shipowners' choice of port, their 
decision is based upon providing a door-to-door service rather than port-to-port. 
Possible savings in inland transportation costs induce contamer carriers to seek 
economies of scale m the mland movements of containers by concentrating the traffic to 
a Ihnited number of ports, which have superior access to major mland transportation 
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corridors. The conclusion is that containerisation, port concentration and intermodality 
havmg reached a high operational and technical stage, have brought a significant change 
in marketmg stmcture and hinterland relations (Hayuth 1982). 
Ports compete on four main levels; (1) competition with foreign ports, (2) competition 
between ports of the same country, (3) competition mtih other multirnodal transportation 
chains and (4) competition inside ports between cargo handling companies. 
Geographical location as well as the network of coimections with hmteriand, and the 
type of transported cargo mfluence increased competitiorL As mentioned earlier even 
primary hmterlands are shared with other ports, therefore those that have a well-
developed network of transportation and logistics stand a much better chance m these 
hinterlands. Maintaining competitive position requires constant marketing activities, 
which monitor the marketplace in order to adjust the shipowner's needs and 
requhements of services offered by ports (Misztal 1996). 
2.6 Ports as logistical centres 
A seaport is an enterprise, which is offering its services in a transportation cham and 
therefore its competitiveness depends on the hmteriand transport system as well as on 
the shipping lines. It also must be mentioned that die demand for port services is to a 
high degree dependent on intemational factors, which are b^ond the control and 
influence of the ports themselves. These factors include hitemational trade customs, 
currency problems, world market conditions, jfreight prices etc. The borders between the 
industrial nations contmue to open ever more sophisticated goods and the resuh has 
been divisions of labour with competition among all those participatmg in production 
and trade. 
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With the increase m global hner shippmg, carriers have sought mcreased efficiency in 
ports to maximise revenue. In order to achieve cost efficiency, shipowners requhe theh 
vessels to spend more tune dehvering cargo than waiting to load/unload cargo. Ports 
have had to compete for busmess from other ports never previously considered 
competitors. For example, Felixstowe hi the UK competes with Rotterdam m the 
Netherlands for transhipment cargo from liner shipping companies seeking a one-stop 
European port. Lmer shipping companies want to be able to offer a global service. This 
global service involves large ships covering large distances with few stops. This leads to 
an increase in transhipment cargoes thus making the port a place of temporary storage 
or a logistical centre for onward transportatioa 
While ports have always been important nodes in the logistics system, globalisation of 
production has highlighted the need for ports to be value adders, not value subtractions, 
in the supply chain. This has given ports a unique opportunity to become value-addmg 
entities for cargoes bound for re-export to intemational destinations. 
The trend for tody's ports is to gam the position of logistics and distribution centres 
and not to be a pohit transited on the way to a final destmation as mentioned earher. 
Theh poshion in the market is no longer solely determmed by the quality of their 
service but, a decisive co-detennmant is the quality of logistics with which the position 
of theh service is supported in the market The supply of goods will only be accepted if 
just-in-time delivery can be assured %vithout a large capital commitment in local 
inventory and expedited by smooth-running logistics over the enthe chahi of operation 
and informatioa It is hardly ever possible for one organisation to undertake the 
constmction of these interconnected logistics chams with both world-wide dimensions 
24 
and the requhed logistics services. Often many partners providmg the quality service 
must merge into uniJBed logistics systems. Every port must organise an optimum 
combmation of the individual segments of the transportation cham with regard to 
specific conditions, location, political mfluences, etc. (Schulten 1993). The goal of 
every port must be to attain a large enough number of traffic possibilities, on the basis 
of cormection capabilities. This enables the iiecessary transportation chain to be 
maximised by the transit of cargo through aU of its operations. 
An effective logistics process is essential to satisfy customers and to gain competitive 
advantage. Improvmg the service quaUfy of the logistics process hicreases customer 
satisfaction and builds customer loyalty. These m tum lead to market share and margin 
mcreases. At the same time, focusmg on tme customer needs eliminates cost for 
services not valued. Improvmg the productivity of the logistics process also reduces 
cost. Together these actions help make services more attractive in the marketplace. 
Modem integration processes in hitemational trade and development of sea-land 
transportation chams requhe sea ports to become quick and efficient pomts of 
transferrmg goods between sellers and bikers. Not only do the ports need to adapt but 
also the sea and land coimections with the ports need to be modernised. However, ports 
have come to play a role of distribution-logistical centres because they are a 
"crossroads" for various types of cargo and modes of transportation (Tubielewicz 1989). 
The seaport has stopped being only an element of the sea-land transportation process, 
and has become an important link in the logistical concept This means transformation 
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of simple transport services into integrated logistical services, from the beginnmg, • 
which is production of the good to the end point, i.e. consumption (Misztal 1999). 
Quahty in logistics means meeting customer requkements and expectations mcludmg 
the following dimensions (Mentzer a/1999): 
• Easeofinquhy, order placement, order fransmission 
• Timely, rehable order dehvery and communications 
• Accurate, complete, undamaged orders and error free paperwork 
• Thnely and responsive post sales support 
• Accurate, timely generation of transmission of mformation amongst the functions of 
the business and with extemal parties to support plannmg, management and 
execution of these activities 
Productivity in logistics means using the combmed resources of all participants in the 
supply chain in the most efficient way to provide high quality cost effective customer 
services-(Byrne and Markham 1991). 
Significant changes hi the transportation and logistics market environment have had a 
great impact on the way that carriers and shippers sell, buy and manage fransportation 
services. Every business function must be dhrected toward the market and the customer, 
in particular the transportation and logistics fimction, which is so vital to on time 
product and service dehvery and ultimately customer satisfaction (Neuschel and Russell 
1998). The en:y)hasis has shifted from a sfraight sell to a customer driven marketmg 
envhomnent, which means that fransportation and logistics must be increasingly market 
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focused. Some significant changes that have contributed to this shift hiclude 
deregulation, liberalisation, privatisation, the globahsation of the mdustry, mergers and 
acquisitions, and the expanded use of mformation technology. 
2.7 Defining efficiency 
Alderton (1999), though not attempting to give a definitive defiiiitioa, sfetes that port 
efficiency could be classed as the optimum (Le. the greatest degree attained or attainable 
under implied or specified conditions) use of resources within an acceptable context of 
safety. 
Efficiency is defined by Merriam Webster Dictionary (2001) as: 
1. effective operation as measured by a comparison of production with cost (as 
m energy, time, and money). 
2. the ratio of the useful energy delivered by a dynamic system to the energy 
supphedto it. 
Similarly efficiency is also synonymous with productivity. Merriam Webster Dictionary 
(2001) defines productivity as: 
1. having the quahty or power of producmg especially in abundance. 
2. effective in brmghig [something] about. 
3 a yielding results, benefits, or profits. 
b. yielding or devoted to the satisfaction of wants or the creation of utilities. 
Thomas (1994) having looked at several studies measuring port performance lists the 
foUowing measures of productivity: 
• Ship tumaround time 
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• Labour productivity 
• Docker gang size 
• Asset productivity 
However, all the above measurements are constrained by inherent flaws which mean 
that they are calculated differently by dififerent ports. For example the ship tumaround 
time could include the total time a vessel remams along side the quay or is being merely 
being loaded/unloaded. For a ship berthing at night ready for next day 
loadmg/unloadmg the inclusion of the idle time waitmg till morning will have a 
negative effect on performance. 
Drucker (1977) attempts to differentiate between efficiency and effectiveness. 
EfiBciency focuses on costs and thereby improves the cost of-production to the most 
favourable leveL EfiSciency is a minimum condition for survival after the success of the 
process bemg exammed has been achieved, whereas efifectiveness focuses upon 
opportunities to produce revenue before the company becomes successful m achievmg 
its goals. That is to say before a venture becomes efficient it first has to become 
effective hi meeting hs goals. Efifectiveness thus decides which opportunities to pursue 
whereas efficiency states how to enhance the- level of output with the minimum of 
inputs: Thus, efficiency can be simply expressed as a ratio of output to input provided 
that the product only has one output. If there are several inputs and/or outputs then 
matters become shghtly more complicated and dififerent techniques are needed to 
ascertam the actual efficiency ratmg. 
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2.8 Port efficiency 
The aim of this research is to see which type.of ports, in terms of o\vnership and 
organisational stmcture, are the most efBcient, i.e. produce the highest output with the 
minimum of mput. 
One of the 'problems' hi measurmg port efiSciency is to do with the collection of data. 
Port authorities traditionally tend to gather data by recording vessel movements with a 
view to calculating port tariffs. Thus port authorities tend to monitor berth occupancy 
times, the mam characteristics of the call, performance of ship-to-shore cargo handling 
and availability of handlhig equipment. Usually less often recorded data includes items 
such as the time cargo has spent in storage, with customs or the pick-up and delivery 
times of goods moving through the port. As there is no intemational standard for 
measurmg port performance, each port has developed its own method of calculating its 
charges and efficiency level and whilst these may be similar they are not homogeneous. 
Differences occur which are seemingly minor but serve to distort the tme picture, e.g. 
some ports choose to count the movement of empty contahiers or include transhipment 
contamers whilst others do riot (Gouhelmos 1999). Thus a port may appear more or less 
efficient than is hi fact the actual case. It is therefore difficult to compare port 
performance usmg published material, and therefore some other method has to be 
adopted that overcomes these hmitations. 
Fourgeaud (2000) in his attempt to measure port performance sets out to determine its 
fundamental elements. He states that one of the first stages is to ascertahi the nominal 
and commercial output of a crane or gantry when all parameters are opthnised and 
rehabihty is absolute. Thus, the nominal output wOuld be the total ampimt of 
movements or loads that can be handled per hour multiplied by the total number of 
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hours that the equipment will be in operatioa The commercial output is a figure lower 
than the nomhial output wiiich takes into consideration fectors such as nautical and 
weather conditions, standard reliability of equipment, actual hours worked per shifi and 
time taken to position and change adapters to the equipment. Fourgeaud's (2000) work 
was carried out on behalf of the World Bank and is therefore seen as a rigorous text on 
the subject of port efficiency, and hence'why this research is placmg an emphasis upon 
hs findmgs. Likewise, the. work of Micco and Perez (2001) was carried out on behalf of 
the biter-American Development Bank and has therefore been given equal importance 
by the author over other studies e.g. Han (2002) that review several other studies on port 
efficiency. Although care should be taken over placing too much emphasis on one or 
two studies undertaken by hitemational organisations it must be noted that these studied 
do not work in isolation or without reference to the wider academic and industrial points 
of view. 
The second stage of Fourgeaud (2000) is to determine the mam causes of poor 
performance and choose adapted and measurable criteria. He identifies delays that occur 
over time with vessels waitmg for locks or bridges, bunkering or other services due to 
mflexible workmg practices. He states that the theoretical output for gantry cranes is 
about 35-40 moves per hour whereas the commercial output ranges fi-om 15-35 on 
average with peak performance nearing theoretical performance. 
Container port efficiency depends upon many things; the ratio between loaded and 
unloaded containers, the movement of containers that do not have to be unloaded but 
have to be moved for access, the positioning of equipment To ensure that the transfer of 
cargo from the ship to spreader and to a locomotive or MAFI trailer (a small wheeled 
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trailer with a low profile enable of carry mg heavy loads) requhes careful .planning. The 
varying sizes of containers and the uneven distribution of calls from hner shippers due 
to conmiercial consframts fiirther serve to affect the eflSciency of a port. 
Berth Occupancy Ratio (BOR) is the ratio obtamed by dividmg the time a berth has 
been occupied by the thne that it has been available, i.e. BOR= T/8760 (8760 = total 
hours per year excluding leap years). BOR is a commonly used measurement to 
compare port performance. Its shnpUcity to calculate means also that it is relatively easy 
to manipulate, should a port wish to make itself more attractive to potential clients than 
is really the case. Some ports measure the time the berth is available as the working 
time whilst others use the time a vessel is berthed alongside the quay. Other 
discrepancies may occur because some ports do not have a set mmiber of berths but a 
long quay against which a number of vessels may berth dependmg on thehr size. 
Fourgeaud (2000) states that the types of vessels callhig at the port and the way tiiey are 
chartered also affect the BOR For instance Imer ships have to comply with a precise 
schedule, if no berth is available at the time of arrival then the call may be cancelled and 
the cargo shifted to another port of call. Therefore, whenever competition exists 
between ports the BOR usually does not exceed 50-60%. Higher rates are possible when 
there is no altemative or where it is possible to schedule services more precisely by way 
of a dedicated terminal, e.g. by havmg an East-West trade or purely Ro/Ro trafiSc. 
Chartered ships, Fourgeaud (2000) argues, are less affected by port congestion since 
their arrival may be plaimed only a few days or weeks in advance. The length of stay is 
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usually dependent on the size of the shipment carried. In the case of chartered ships 
BOR can thus be significantly higher at up to 80%. 
The most basic method of reducmg waitmg time and mcreasing efiBciency is to 
maximise the number of port labourers' workmg hours. By adoptmg a working practice 
of three eight hour shifts a day, a port's output can be maximised to 24 hours a day, 365 
days a year. This method is usually one of the first practices adopted by many newly 
privatised ports, most notable Barranquilla, in Columbia which saw a reduction in 
vessel waithig time from 10 days pre-privatisation, to a matter of hours post-
privatisation (see Table 3.2). 
From 1930 to 1960 port productivity m terms of tons per port labourer increased from 
just under 500 tons to around 1000. Smce the 1960s this figure has risen to around 2500 
tons per man (Alderton 1999). Hoyle (1999) states that whilst port efficiency can be. 
measured in a variety of ways, the overall average cost per tonne of goods handled over 
a specific period is an accepted method. 
2.9 Factors affecting port efificienty 
Hofifinann (1999) states that the growth m hub ports in certam regions such as the 
Caribbean has been largely attributed to cabotage restrictions such as the USA Jones 
Act 1930. These restrictions mean that ports such as Kingston, Jamaica have benefited 
from cross Atlantic trade served by European shipowners whose cargo is collected from 
the hub port by United States flagged vessels. The cabotage restrictions do not 
necessarily mean that the cormtry mstigating the restrictions gains most of the long haul 
intemational trade. Instead, an increase hi short trade routes adds an additional stop-off 
point in the logistics cham, which increases costs and delivery time. Therefore, one of 
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the obvious benefits from cabotage is to the mstigator's neighbouring countries that 
choose to operate a hub-port. Thus, where a country may hihiate a cabotage pohcy to 
protect its shipowners' frade, the end result may be that the shipowners lose the 
lucrative long distance business in exchange for short-sea shippmg busmess. The real 
beneficiary may be said to be not necessarily the country implementing the restrictive 
legislation, but the neighbouring country that offers a place to franship cargo. When 
lookmg at port efficiency post privatisation it is therefore necessary to look extemally to 
see wdiether any extemal factors may have influenced demand for a port's services. 
Tmjillo and Nombella (2000) cite the case of Manila Intemational Contahier Termmal 
which was privatised m 1986 and which saw a subsequent increase m productivity of 
60%. Likewise Camara Maritima Y Portuaria de Chile A G . (1999) reports that 
following the 1981 Port Reform Act there was a substantial increase hi seaport 
productivity. No extemal factors have been attributed to this increase and the 
privatisation process has been advocated as the main impetus behind the growth in 
bushiess. 
Micco and Perez (2001) state that the practice of some ports to requfre stevedores to be 
licensed meant that this created an exfra bureaucratic procedure costing both time and 
money and a lowering of port efficiency. In Latin America, Micco and Perez (2001) 
highlight the problems faced by ports during the 1960s when almost all Latin American 
coimtries in an effort to solve unemployment hfred an excess of labour. They cite 
examples of states adoptmg social undertakings which saw programmes of construction 
within ports, the building of public schools and paving roads without trae regard for 
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market forces. This practice of building to keep people employed would be frowned 
upon by modem port managers and seen as a certain way to reduce port efficiency. 
Latin America provides examples of the effects of different methods of privatisation 
upon efficiency. Micco and Perez (2001) state that the Chilean method of mtroducmg 
private stevedoring companies shows that improvement in management can result m 
hicreased efficiency without the need for hicreased investment. The Brazilian 
experience of suffermg opposition from unions highlights the importance of labour 
reform, whilst the Argentinean experience of allovvdng different termmals within ports 
to compete shows competition can be a good substitute for regulatioa Micco and Perez 
(2001) concluded that private involvement within ports mcreases efficiency whenever 
labour reform and regulation accompany it. Likewise a reduction through competition 
of a seaport monopoly also helps to improve port efficiency. 
Port congestion is a serious problem in some parts of the world. The Shipphig 
Corporation of India reports that its ships spend 52% of theh time in port. Ship 
tumaround thne in Indian pOrts is between 5-6 days compared to less than a day for 
other ports in the same region (Juhel and Pollock 1999). 
Micco and Perez (2001) state that the actions carried out within a port such as customs 
clearance, which are beyond the control of the port authority, can have an effect upon 
port efficiency. They quote a study enthled the Global Competitiveness Report (1999) 
which states that the average waiting time for goods to clear customs in North America 
is 3.5 days, Europe, 4 days, but East & South Africa 12 days (see Table 2.1). 
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Table 2.1 Port efficiency variables 
Port Efficiency Custom Clearance Container' 
(7=best, l=worst) (days) Handling 
Chaises in 
Ports 
(US$/TEU) 
North America 6.35 3.50 261.7 
Europe(excL East) 5.29 4.00 166.7 
Middle East . 4.93 Na na 
East Asia & tlie Pacific 4.66 5.57 150.5 
East & South Africa 4.63 12.00 na 
North Africa 3.72 5.50 . na 
Former Soviet Union • 3.37 5.42 na 
East Europe 3.28 2.38 na 
Latin Am. & the 2.90 7.08 251.4 
Caribbean 
South Asia 2.79 — na 
West Africa Na 11.70 na 
Sources: Global Competitiveness Report (1999), World Bank Surveys, Camara Maritima y Portuaria de 
Ghae. A G . (1999), and LSU(I998). (na: not available) 
Organisational structure can also cause a problem within some ports which do not have 
a designated control area and prefer to leave areas such as sheds and warehouses beyond 
their jurisdictioa This helps to create a system whereby responsibility is passed 
between various parties. Delays withhi ports cause an hicrease in delivery thne and 
hicrease the risks of damage and pilferage, leadmg to mcreased insurance premiums as 
well as the time taken by the port in servicing claims and enquhries. 
Boycko et al (1996) state that there is nothing magical about privatisation, but claim 
that its success results from making it harder for politicians to buy excess labour. Some . 
politicians, they argue, would rather give up the potential profit of a privatised company 
in favour of spendmg money on labour. Presumably, this is to keep potential voters in 
employment. 
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Brazil and Argentina, neighbours on the South Atlantic coast of South America, have 
had different experiences in terms of eflficiency post-privatisatioa In 1998 the Brazilian 
Port Union had 66,000 affiUated workers compared to Argentina's 690. In the Brazilian 
port of Santos 50 workers are requhed to handle a ship's cargo compared to 14 hi 
Buenos Aires. This excess of labour has meant that the average cost of handling a TEU 
m Brazil is $350 whereas in Buenos Aires the cost is $130 (Hoffinann 1999). Thus, for 
a privatisation plan to work it must be foUowed or preceded by labour reforms. In the 
UK port privatisation began hi 1983 with the creation of ABP but it was not until the 
abohtion of the National Dock Labour Scheme (NDLS) in 1989 that privatisation finally 
began to happen hi other UK ports under the Port Privatisation Act 1991. 
2.10 Port charges 
Port charges are considered here shice one would assume that any busmess would have 
detailed knowledge of its cost and profits to determine whether it is efficient in its 
service towards the stakeholders. However, in charging for port services, Flere (1967) 
states that the 'dues' firom the shipowner to the port do not necessarily reflect the actual 
cost of the service provided. -For example it is diflficuh to assess the 'wear and tear' 
caused by a particular vessel usmg a waterway or berth. Gouhelmos (1999) in reviewmg 
privatised Greek ports came to the conclusion that modem management information 
systems (MIS) were urgently required to provide the necessary information for an 
efficient pricing pohcy for port dues. However, even with these MIS in place port costs 
should not increase beyond those of the port's competitors. Thus, although MIS should 
be used to accurately calculate ports costs, what the competition is charging is the main 
factor in price determination. Flare (1967) breaks down port charges into three 
categories: (1) ship, passenger, and goods dues for bringing items mto the harbour/port; 
(2) charges for services performed to the goods; and (3) charges for use of the facilities 
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provided. He states that these charges first appeared hi England m the 17* Century 
when ports and harbours in theh natural condition could not cope with servichig vessels 
without the additional help in the form of dock, piers and lighthouses. However, the 
creation of ports and artificial harbours can be traced back to Roman thnes and perhaps 
fiirther. In 42AD the Roman emperor Claudius ordered the sinkmg of three vessels 
outside the port of Ostia to create an artificial harbour which would secure grain to the 
Roman capital. In so domg engineers developed the first cement which could be set by 
salt water. 
Payment for these services was sought fi:om the shipowners themselves as one of the 
main beneficiaries of these services. Today, as infrastmcture costs become enormous, 
port efBciency is a fundamental issue within most ports. In 1962, the Rodidale Report, 
in looking at the charges made by British ports, observed that those made by ports for 
the use of static facihties were often less than one-thousandth of the actual constraction 
cost and commented that perhaps this was too low (Flere 1967). However, the tendency 
is for ports to charge what the market may bear. Thus, rather than calculate the 
seemmgly impossible figure of what it costs to service one particular shipowner, the 
easiest approach is to look at how much was previously charged and what the 
competition are charging. This is sometimes unsatisfactory for the shipowner who 
prefers to pay for only what he uses, argumg that the equipment is already there. 
Shipowners are concemed about port efBciency since the thne a vessel spends hi port 
costs money whereas time spent at sea earns money. Improvements made to efiBciency 
m vessel performance are thus only as good as the 'weakest link'. If a vessel spends 
unnecessary time m port then operating efiBciency is reduced. 
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The need to detemune whether a port is efficient or not is paramount to any port since it 
enables projections of future expenditure to be met. Ports requhe substantial investment 
and can take years to build or to recover the retum on the capital mvested. Therefore, 
stakeholders have a keen interest on whether their port is efficient and whether they are 
chargmg their customers an adequate anioiint. Any undercharging coidd resuh in 
msufficient investment and thus loss of bushiess. Overcharging will conversely drive 
port users to the competition and also have a detrimental effect upon long term bushiess. 
Trends also have to be identified m order to forecast successfully where to dhect future 
attention. However, estimating demand for port services is problematic in that it is in 
general derived from the demand for transport that in tum is derived from the demand 
of the consumer (Kent and Ashar 2001). However, this assumption could be considered 
simplistic, since other factors hifluence the demand for port services, such as 
restmcturing of routes and the growth of hub-and-spoke ports. The presence of a 
competing port or other modes of transport also comphcate the factor. Therefore, 
obtammg an equilibriiun is extremely important. However, ascertaming whether a port 
is efficiently making use of hs resources is an arduous process for both port managers 
and researchers that as yet remains undecided. In a World Bank report Estache et al 
(2002) confirms the measurement of port efficiency using a yardstick comparison, i.e. 
by comparing ports with each other as opposed to trying to obtain an absolute efficiency 
raithig. 
Port performance is also affected by the destination of the goods being shipped. Goods 
destined for consumption in the hmterland have to go through more processes and 
procedures than cargo bemg franshipped. Cargo that is bemg consumed within the 
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hmteriand has to be shipped onto another form of transport, such as road, rail, or barge, 
and pass through customs. All these processes may be controlled by outside companies 
or authorities that the port itself is powerless to regulate. Blocks m the system, such as 
labour disputes, may have an effect upon the performance of the port Consideration 
must also be given for cargo that is imported for valued-added purposes, i.e. the goods 
that are imported for processmg and then re-exported. The presence of such hidustries 
within the port hinterland will have an effect upon the volume of cargo passmg through 
the port and thus enable efiSciencies of scale that can be passed on to the processing of 
cargo destined for other areas. These factors will have an effect also upon competmg 
ports within the same region since improving efficiency will not help whi trade from the 
competition if the cargo carmot be processed locally. 
Other factors such as the transportation infrastmcture withm the hinterland will also 
have an effect on the throughput of the port and consequently the operational eflficiency. 
Ports close to railway terminals will have a better chance of attractmg business from 
ftuther afield whilst ports close to road networks will better be able to serve local 
markets. This is because of the cost unit price difference between transportmg goods by 
road and rail over certam distances. Similarly, the use of storage space for cargo 
awaitmg collection or transhipment can also reduce the efficiency of a port. For 
example, hi a container port, the constant shifting and movmg of contahiers in order to 
access those at the bottom of a stack can create uimecessary movement of other 
containers. This hi tum can create blockages and traflfic hold-ups elsewhere in the 
system 
Olandunmoye (1984) points out that morale between the port authority and its 
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employees also needs to be considered when looking for ways to irnprove efficiency. 
High morale combmed with good traming can lead to increased productivity. 
2.11 Market players 
More than 60 percent of world general cargo trade moved by sea is carried in 
contahiers. On trades between highly industrialised countries it is over 80 percent. There 
is now a world ship capacity or more than 6 million TEUs in operation and about 1 
milhon TEUs on order. Even more significant is that there are about 130 post-Panamax 
containerships now in operation. These ships have a capacity exceeding 4,000 TEU and, 
with a length hi excess of 295 meters and a beam of over 32.3 meters and they are too 
big to transit the Panama CanaL At the beginning of 2001, 130 post-Panamax 
containerships were on order, including ships with capacity exceeding 6,000 TEU. 
Maersk have ordered a ship capable of carrymg 10,000 TEU and ships with 10,000 to 
12,000 TEU capacity are widely expected to make thek appearance withhi the next five 
years. They are expected to be deployed on the Europe-Far East route. In Asia the ports 
of Singapore, Hong Kong, Yantian, Shanghai and Yokohama arc actively planning for 
ships of this size. In Europe, the port of Rotterdam is planning the Maasvlakte D 
expansion m order to be ready for these "mega" containerships, while the port of 
Algechas, Spain, can presently receive such vessels. Prehminary plans detailmg the 
concept of a Malacca-Max vessel, i.e. capable of transiting the Malacca Straits west of 
Singapore, show it would be capable of carrymg 18,000 TEU, be 400 metres long, 60 
metres wide and have a draft of 21 metres. 
Containerisation has dramatically reduced persormel requhements for cargo handling, 
raised berth productivity and hicreased the caphal intensity of port operations. Prior to 
contamerisation about 200 men, working shnultaneously m four gangs, were typically 
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required to load and unload a large general cargo ship, a process that could.take a week 
to ten days in port. Contamerships requhe only 50 to 60 men to load andomload cargo. 
American President Lmes (APL) offer shippers m Asia and the US an hitermodal 
system which is a land bridge across the United States usmg articulated railway wagons 
that permit the carriage to destmations on the east coast of the US 72 hours after bemg 
discharged froih vessels on the west cOast. This is four to she days faster and less costly 
than the all-water route. In 1986, there were 62 double-stack container trains, each 
carrying 400-560 TEUs, departing ports on the west coast of the US on a weekly-basis. 
Today, 100 trams depart the Seattle and Tacoma area each week, and this is expected to 
grow at approximately 8% per year (Juhel 2001). 
The door-to-door philosophy has transformed most shippmg lines into intermodal 
logistics organisations. Ocean carriers are now issuing through intermodal bills of 
ladmgs (B/L) to inland points under manufacturer to consumer freight rates. Therefore, 
improvements m termmal and landside operations are required not only to lower the 
cost of door-to-door transport, but also to make sure that the savings at sea with the 
post-panamax vessels are not to be lost on land. Most likely, this explains why shippmg 
lines are expanding their scope to include terminal operations and hinterland 
fransportation. 
Seaports are increasingly having to deal with large port chents who possess strong 
bargammg power vis-a-vis termmal and inland transport operations. Major port chents 
consider ports merely as a sub-system in the logistics cham. Accordmgly, they 
concentrate thefr service packages not on the port's sea-to-land interface but on the 
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quality and reliability of the enthe transport chaia Port choice becomes more a function 
of network costs. The ports that are being chosen are those that will help to mmimise 
the sum of sea, port and mland costs (Oilman 1997). 
In this contahier market envhonment, the loyalty of a port client cannot be taken for 
granted. Ports face the constant risk of losmg hnportant chents, not because of 
deficiencies iii port ihfrastmcture or terminal operations, but because the chent has 
rearranged its service networks or has engaged in new partnerships with other carriers 
(Slack era/1996). 
A good example can be found hi Belgium CP Ships has decided to concentrate all hs 
Belgian contamer traffic hi Antwerp. In this context, as mentioned earlier, CAST moved 
from Zeebrugge to Antwerp in 1999 (CAST previously moved from Antwerp to 
Zeebragge m 1993). In 1998, CAST generated a contahier volume of 130,000 TEU to 
the Flanders Container Termmal in Zeebmgge, i.e. some 17% of the total container 
traffic of this Belgian coastal port. This example shows that the loss .or the acquirement 
of a container carrier may imply losing or acquiring 10-20% of the port's contamer 
fraffic (Notteboom and Winkemans 2001). 
Table 2.2 illustrates -who the major liner shippmg companies operating today are and 
their present and immediate fiiture capacity in terms of TEUs. Shipping lines are 
experimenting with new types of service networks. A new generation of hubs has 
emerged in recent years; pure transhipment ports are located along the East-West routes 
where different trade routes intersect and interconnect. Examples are Salalah in Oman, 
Gioia Tauro in Italy, Algecfras in Spahi and Freeport in the Bahamas. These 
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transhipment hubs accommodate just one khid of traffic flow; cargo that is generated by 
the ports en route to the product's final destmation. Load centres whose bompetitive 
strategy is completely based on then: intermediary may fiuad themselves in an unstable 
and highly firagile poshion, as this kmd of traffic flow is more volatile and footloose and 
depends solely upon the strategy of shipping fines with respect to their service networks. 
Cornpethion between European contamer ports focuses rhaihly on theh:' capacity to 
attract the maximum container volimie in. order to justify dhect. caUs. The fate that 
awaits them otherwise is to become a secondary port, serving only the 'small' feeder 
ships. 
Table 2.2 Major Liner Shipping Companies as of September 2000 
No. of vessels TEUs Vessel size under 
Operating Capacity construction. 
(TEUs) 
Maersk/Sealand. 298 682,000 139,000 
Evergreen Group 134 318,000 91,000 
P&ONedUoyd 124 302,000 112,000 
Hanjm/DSRSenator Line 80 246,000 39,000 
MedherTanean Shipphig Co. 130 229,000 76,000 
(Source: MainportNews Rotterdam (October 2000) / Barry Rogliano Salles-Alphaliner) 
Table 2.3 is a brief synopsis of the seven major global port/termmal operators. No 
longer are port/termmal operators concemed solely with a smgle port operation but 
through globalisation have sought to market and exploit their expertise around the 
world. Now these seven companies between them control operations in around 130 
ports and can boast to handle somewhere in the region of 37% of the world TEU port 
volume. The outlook for the future seems to be one of more expansion and perhaps 
consoUdation within the port sector. 
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Table 2.3 Major port/terminal operators 
TEU Container Main attiibutes/Presence 
Volume terminals/ 
millions ports 
Hutchison 17 ports in Asia & Middle East, ECT m 
Whampoa 25.3 29 port of Rotterdam Over 10% of world 
• port volume 
PSA (Port of . Dalian, Fuzhou, Yemen, India, Portugal 
Smgapore) 19.8 11 and Italy 
Corp 
AP.MoUer 13 28 Large presence m North America & Asia 
Terminals 
P&O Ports 8.3 27 On every continent 
Eurogate 7.7 9 European ports hicluding Gibia Tauro 
SSA Over 150 operations worldwide including 
(Stevedoring 6 14 Indonesia, India, S. Africa, NZ, Vielnam, 
Services of Panama, Buenos Akes 
America) 
CSX World 3.5 9 5 ports m Asia & Middle East 
Terminals 
(Source: Ama-ican Shipper February 2002) 
2.12 Conclusion 
In conclusion this chapter has set out to describe the scene in which the modem day port 
operates. World trade has grown considerably since the Second World War and this 
growth has stimulated change in the way the cargo is transported and consequently the 
design of both the ships carrymg that cargo and the ports hivolved hi Imlcing land and 
sea mterfaces. This period has also wimessed the bhth of global companies who control 
significant amounts of world TEU capacity either hi the form of Ihier shipping 
companies or port/termmal operators. AU Imks in the transport cham have been put 
under pressure by global organisations to prove that they are operating at theh: 
maximum potential shice improvements in say, ship design, are only beneficial up to a 
44 
certain point before they, become encmnbered by other fectors such as ship tumaround 
times. It is the pohcies of these global organisations that have played a significant 
driving force in the debate on port efBciency. It has been observed that there is no 
universally accepted definition of what exactly is port eflSciency. Al l writers agree that 
port eflficiency is important to calculate but none agree upon a single approach that can 
be appUed to differing ports. What is agreed is tha.t port owners, managers, governments 
and users alike all want to know what is the eflficiency of mdividual ports. For the-
purpose of this research an efficiency measurement will be adopted as a means of 
comparing the ownership and organisational stractures of ports. However, before 
discussing this fiuther the next chapters will look at issues of ownership foUowed by 
organisational stractures and the design of a concepmal model. 
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Chapter 3 Ownership Stmctures - Privatisation 
3.1 Introduction 
This chapter looks at the background to the privatisation process that occurred hi the 
U K This chapter also sets out to examine m detail the port privatisation process 
prmcipally in the UK but also to a lesser extent globaUy; The reasons for concentrating 
upon the UK's privatisation process as opposed to some other countries or regions are 
numerous. Fhstly, the UK can'be said to have been at the forefront of the modem 
privatisation process (Therbom 1995). Secondly, no other coimtiy adopted the process 
of privatisation with such zeal during this period that was pervasive throughout most 
areas of government control. Thhdly, the process was seen to be so successM hi turning 
around the fortunes of the UK that other countries saw 'privatisation' as a panacea to 
their own problems. Lastly, the openness with which the privatisation process was 
debated hi the House of Commons allows for a clear understanding of the opposition to 
the process that was present. 
In order to understand the UK privatisation process successMly it is necessary to go 
back a number of decades to the period immediately after the second world war. A new 
Labour government had been voted into power and the prevailing mood was for greater 
sociahsm (Keegan 1999). The conservative party lead by Churchill, were considered to 
be too old when compared with the yoimger lookmg labour party lead by Atlee, 
although the age difference of the two leaders was a mere nine years. Keegan (1999), a 
prolific writer on British history, former lecturer at the Royal Military Academy 
Sandhurst and Professor of History at Vassar College New York, also points out that the 
change was down to a strong deshe for a new pohtical order. The turmoil and suffering 
of the previous six years was to be put aside for a new epoch where people would be 
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listened to throiigh the voice of the unions. Through the course of this immediate post­
war period some 20% of the nation's industry was taken in die 'pubUc sector' (Morgan 
1985 and Weeks and Inns 1981). The post-war years saw a marked hicrease in the size 
of the public sector, from 25% of UK GDP m 1946 to 52% m 1970. In the 1980s there 
were signs that the govemments hi many countries were running up agamst the limits of 
taxable capacity. Yet despite.high taxation fates (or because of them) governments 
could not raise enough through taxation to finance all the spending they thought-
deshable. Increashig state borrowing was becoming a problem Consequently, 
govemments were seekmg ways of raising revenue whhout hicreasing taxes. In Britam, 
privatisation offered an apparently painless means of raising large revenues and 
applying the proceeds to reduce the Public Sector Borrowing Requirement (PSBR) and 
interest rates, very desirable pohtical objectives at that time (Robinson 1988). Indeed, 
seUing pubhc assets was pohtically much easier and more popular than cutting public 
expenditure (Pohtical Quarterly 1984). 
3.2 The concept of privatisation 
Privatisation is a concept rather than an actual definable process. The word came into 
bemg during the late 1960s and was later attributed to the UK government's reforms to 
ownership and operation of numerous companies managed by the state. Chapman 
(1990) has accredited Dmcker (1969) as the author of the word 'privatization', in its 
American spellmg. The actual process of implementing privatisation is not however a 
new concept Neither can it be said to have originated in the U K It was rather a 
christening of an established process, a renaissance of an earher idea on the ownership 
and management of a company. Puimett (1994) states that before the Conservative 
government of 1979 privatisation was generally know by the term 'denationahsation'. 
What can be said is that the extent to which the UK government pursued this course of 
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action certainly attracted attention from other countries which ho doubt contribiited tO 
the sudden global deshe to privatise during the 1980s. Whilst the government has never 
set out to define the meaning of 'privatisation' several individuals have attempted an 
explanation, viz.: 
" 'Privatisation' is generally used to mean the formation of a Companies Act 
company and the subsequent sale" of at least SOper cent of the shares to private 
shareholders. EEowever the underlying idea is to improve mdustry performance 
byincreasmg the role of market fordes."(Beesley & Littlechiid 1983) 
"By 'privatisation' I mean strictly the permanent transferring of service or goods 
production activities previously carried out by pubhc service bureaucracies to 
private firms or to other forms of non-public organisation, such as voluntary 
groups." (Dunleavy 1986) 
"The idea hivolves transferring the production of goods and services from the 
public sector to the private sector. At its lowest common denominator, it means 
having done privately what was once done pubHcly. It is not a policy but an 
approach. It is an approach which recognises that the regulation which the 
market imposes on economic activity is superior to any regulation which men 
can devise and operate by law." (Pirie 1988) 
"Privatisation is most commonly defined as the transfer of goverrunent-owned 
industries to the private sector implying that the predorrunant share in ownership 
of assets on transfer lies with private shareholders." (Peacock 1984) 
"... a trading company, living predommantly by buymg and sellmg goods and 
services from and to rriany other economic agents, can be hx the pubhc sector 
(like British Leyland or British Steel), or in the private sector (hke Imperial 
Chemical Industries): suggestions that conpanies should be switched from one 
side of the frontier to another constimte the privatisation argument, Mark One. 
The great pubhc utiUties by contrast, typically are dommant supphers, or have 
dominant customers or capital assets with a special legal status... if any of those 
utihties (or the Post Office, British Telecom, or National Coal Board) find their 
way to the private sector by privatisation Mark Two theh special 'imperfectly 
competitive' status will have to be recognised by some apparatus of control... 
From time to time public persons have spoken of privatismg the NHS, 
Universities, Research and Development Expenditure... farming out... perhaps a 
powerful tool for the reduction of Civil Service numbers. All these possible 
switches may be termed privatisation, Mark Three." (Posner 1984) 
One of the most famous reasons for privatisations and undoubtedly the earliest was 
described by the founder of modem economics, Adam Smith, who wrote: 
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"In every great monarchy of Europe the sale of Crown lands would produce a 
very large sum of money, which, if applied to the payment of public debts, 
would dehver from mortgage much greater revenues than any which those lands 
have ever afforded the Crown." (Smith 1986). 
From the above quotations it can be seen that the two key elements of privatisation are 
the transfer of ownership of the production of goods arid services and the mtroduction of 
competition. Whilst this is a gross simplification of what privatisation is,-the transfer of 
ownership and the introduction of corhpetition can be said to be an elementary 
explanatioa 
In the UK the reasons for privatisation were varied and mcluded matters such as 
constant pohtical hiterference, legislative constraints, antipathy between management 
and workers and a blurred mix of social and economic objectives (Wiltshhre 1988). With 
this rise in government expenditure on nationahsed industries came a generally accepted 
notion that the benefits that were first promised at the start of nationahsation, back in 
the late 1940s, had never come to fiiiition (Jackson and Price 1994). Before government 
could mstigate privatisation there was first the need for deregulation of industry. 
3.3 Deregulation 
The government could not convert a nationalised monopoly into a privatised monopoly 
since this would be to the detriment of consmners and give the new owners an effective 
'licence to print money'. It was therefore necessary that certain changes be implemented 
and established before certahi privatisations could take place. This procedure was 
known as 'deregulation' and was therefore a forerunner to privatisation. Before 
privatisation could take effect it was usually necessary to implement an element of 
deregulation within mdustries in order that the market could be liberalised and 
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competition introduced. However some believe, notably Sabatino (2000) that no niatter 
how much deregulation is introduced the mam element is that the organisation must be 
able to fimctionas a separate entity and that the legal jframework for this must exist. 
Thus it is not the privatisation of the industry that is the key, but the deregulation of the 
industry in which it operates to enable it to perform like a private company. 
The term deregulation is used in a number of dififerent ways and is commonly coirfiised 
with privatisation and liberahsatioa Whereas liberalisation refers to the reduction in 
intervention of the state in the economy, deregulation refers to the reduction of 
bureaucratic intervention in business by way of the simplification and reduction in the 
volume of legislation. Joskow and Schmalensee (1983) state that the central issue of 
deregulation is 'whether the role of government should reduce, with market forces 
replacmg government regulation as the guarantor of acceptable industry performance'. 
EssentiaUy this is about reducmg the government regulations on how a company may 
transact its business and replacing them with the 'natural regulations' of the free market. 
Weyman-Jones (1994) identifies three broad categories that regulation falls into: 
• Limitations on entry to a market or exit from it 
• Specifications relatmg to the quality of the products supphed 
• Formulae for determmg the price of the products supphed 
Weyman-Jones (1994) also identifies certahi busmesses, which may fall into these 
categories. He pohits out that limitations to entry may exist where Ucenses are needed, 
such as taxi firms, advertismg companies, electricity, gas and water companies. The 
fimdamental argument for such an entry and exrt licensing is that without a monopoly 
franchise the mcimibent will not be prepared to accept the risks of constmcthig and 
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maintaining the necessary capacity to- serve the -whole market, hi terms of the port 
industry only registered dockers could gain employment as dock labours. In order to 
privatise the port mdustry it -was thus deshable to abohsh restrictive employment 
regulations. However bizarrely this was not the case until six years after the first port 
privatisatioa The reasons for this can be surmised that the government did not wish to 
increase aheady high imernployment niimbers nor to create more opposition similar to 
the coal miners'dispute. • , : 
3.4 UK port privatisation 
The UK's ports are vhal gateways for trade and travel. Over 388 million tonnes of 
mteraational fi-eight and 177 million tonnes of domestic freight moved through UK 
ports hi 1999. Thirty-two million international passengers use UK ports each year. 
Another 38 million use them for domestic joumeys, includmg river crossmgs (DETR 
2000). 
in July 2000, the Government pubhshed Transport 2010: The 10 Year Plan, which set 
out plans for substantially increased spendmg of £180 bilhon over the next ten years to 
modernise the fransport system Apart from pro-vision for railways and road safety, the 
plan focuses on land transport in England, mcluding improvements in surface access to 
ports and ahports. It does not cover the role of shipping, which was set out hi the 
publication 'British Shipping - Chartmg a New Course' (1998). Nor does it look in 
detail at private investment m the ports hidustry. It does, however, take account of likely 
fiiture trends m the use of ports when considering surface access issues. 
About 100 of the UK's ports are commercially active as freight ports. Of these, 36 
handle over two million tormes per year. The four biggest estuary ports, London, Tees 
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and Hartlepool, Grimsby and Immingham, and Forth:handle over 200 million tonnes 
between them Oil and oil products account for half the tonriage handled by' UK potts 
and seven ports handle over 25 million tonnes annuaUy. These products make up over 
half the tonnage through eight of the top ten. SuUom Voe was buih m the 1970s and 
now handles over 30 million tonnes per year of North Sea and North Atlantic oil. 
Felixstowe has grown in just over 30 years from.a httle fishing haven to a major port, 
handlmg 1.8 million contamers hi 1999, 40% of the UK total. Over 30 per cent of 
containers handled at Felixstowe are in transhipment. Dover has grown over a similar 
period to handle 17 million toimes of freight in 1999, the bulk being transported in 1.5 
milhon lorries. Dover also handles 24 million passengers. 
Over the period 1989 to 1999 the total number of container units handled at UK ports 
(foreign and coastal) grew by 61.7% or 4.9% pa, and the tonnage by 77% or 5.9% pa. 
This rate of growth has mcreased m recent years as units went up by 7.2% in 1997, 
5.3% m 1998, and 5.2% m 1999 (the mmiber of boxes handled by ports includes empty 
contahiers). In 1999 empty containers made up 18% of total containers handled, a 
similar percentage to that for 1998, but weU above that for the previous three years. 
According to Contamerisation Intemational figures, based on returns fromtermmals, the 
number of TEUs handled by West European contahier ports was about 36 milhon in 
1997 or 22% of the world total This share has been fallmg as economic activity and 
frade moves to the Far East. UK ports, taken together, handled more than any other 
country m Westem Europe (Containerisation Intemational Yearbook 1999). 
In the late 1980s 10-15% of UK container trade was being transhipped to European 
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ports and very little, if any, European trade was transhipped at UK ports (JDepartment of 
Transport & British Ports Federation 1990). 
In the UK tod^ there are over 650 ports to which statutory harbour authority powers 
have been granted ODepartment of Environment, Transport and Regions 2000). Of these 
approximately 47% are local authority ports, 25%Company and private ports and 15% 
trust ports. "Theh size varies .from small fishing ports to the Port .of London, which 
extends for some 95 miles. In 2000 some 51% of UK port traffic by weight consisted of 
liquid bulk cargoes. Aroimd 65-70% of coastal shippmg is also hquid bulk. We shall 
now look at the process of change leading to privatisation, followed by a review of the 
different types of ports and admhusfrations. 
Goss (1997) states that there has been no single uniform port pohcy since 1945, but a 
movement from central plarming to privatisation with many reversals hi between. 
Although a National Ports Council (NPC) was set up m 1965 its role was neither 
accepted by government nor the ports themselves. The Department of Transport even 
increased its staffing dramatically during the years of the NPC to 'second guess' the 
NPC's actions (Wilson 1983). By the thne the NPC was abohshed hi 1981 no smdy had 
been pubhshed on the efficiency of UK ports. This seems stiange given that one of the 
roles of the NPC was to admmister a national ports policy that surely by its very nature 
would requhe an investigative smdy. 
The deregulation pohcy of Margaret Thatcher's Conservative government was designed 
to remove obstacles hindermg the operation of market forces and to set 'a level playmg 
field' for tradmg activities. Across Europe shnilar deregulation pohcies in Italy, Spain 
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and Portugal prompted other countries such as Greece to consider the options in the" 
context of the European Union's pohcy of harmonisation (Goulielmos 1999). 
The port privatisation process began with the closure of the National Ports Council in 
1981 and the later removal of investment and other statutory coritrdls on port 
developrrient. More recently m 1989 the government repealed the Dockwbrkers Act of 
1946 (Regulation of Employment) and abohshed the National Dock Labour Scheme 
(NDLS). The NDLS was a scheme applied to many of the UK ports, with the notable 
exception of Felixstowe due to its good employee relations (Baird 1998). The scheme, 
which operated hi some sixty ports, legally prevented anyone other than a registered 
dock worker from performing dock work. The ambiguity of term 'dock work' kept 
lawyers hi bushiess for some forty years (Fhmey 1990). Juhel and Pollock (1999) quote 
from an unnamed study which states that 79% of the former registered dockworkers 
became redundant, of which 19% wished to remain active but could not find work. 55% 
found employment elsewhere whilst 25% re-entered the port industry. 
The abohtion of the NDLS removed restrictive and archaic employment regulations and 
helped create an environment for the introduction of a range of new and flexible 
employment practices. However, TumbuU and Weston (1993) argue that the abohtion 
of the NDLS has lead to an excess capacity by over-hivestment within the mdustry. 
They cite the Isle of Grain as an example of excess container facilities within the South 
East of England that has merely attracted customers from nearby Felixstowe rather than 
creating 'new business'. Goss (1997) states that mdividual ports became so opposed to 
the NPC that they 'stoutly mamtamed that each port was so different from all the others 
that no conparable efBciency indicators could possibly be devised'. These comments 
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•although disputed by Liv^ey (1997), no doubt cohtributedto the government's deshes 
for change and what the Conservative government often referred to as the idea of 
'roUmg back the frontiers of the state'. Wilson (1983) believed that the efiSciency 
figures were deliberately withheld by the ports because of their poor efficieiicy rating 
when compared to contmental ports thus preventing the NPC from makmg adequate 
plans. Thompson (1987)^ review UKtransport privatisation concluded that there was 
more to the. process than just removing restrictive legislation. He argued for a greater 
division of the newly privatised industries so as to create more compaiues and thereby 
promote eflSciency through increased competition. The latest act mtroduced was The 
Ports Act 1991. 
The privatisation of the UK port industry began m February 1983 with the sale of 19 
ports operated by the British Transport Docks Board under the new name of Associated 
British Ports Holdhigs Pic. British Rail was made to transfer its ports to Seahnk 
Harbours Ltd. which was then sold by private tender to Sea Containers Ltd. Three of 
these ports were taken over by Sweden's ferry operator Stena The government 
undertook no fiirther port privatisations and in 1991 there remamed 111 ports 
administered and owned by statutory authorities in the UK, generally referred to as the 
Trust ports (Cass 1996). Most of these trust ports were minor in terms of the percentage 
of the nation's total traffic however several of the larger ports, notably Tees and 
Hartlepool, Clyde, Forth, Medway and Tilbury made voluntary plans to petition the 
govemment for privatisation. This phase of the privatisation process was different 
because the port hidustry pushed for reform through privatisation and not the 
govemment seeking to reduce expenditure and or expand revenue. 
55 
The Ports Privatisation Act 1991 paved the way forward for fiirther privatisation for 
those ports that remained mider local-authority or trust control. This Act was different 
firom any other privatisation legislation m that it enabled the government to privatise 
part of the nation's assets that were not dhectly managed by the govemment. The act 
estabhshed a threshold at £5m (mdex hnked), over which any port whose turnover 
exceeded this figure in two out of the last three years, could be.compeUed to privatise 
itself Speakmg before the passing of this Act, JohnHackriey, Chief Executive of Tees 
and Hartlepool Port said: 
"The 1966 Act under which we operate is hmitmg, allowing us to invest only in 
Tees and Hartlepool. We have spent £30m on improving facihties and installing 
some of the most advanced handlhig equipment in Eiurope. That work is 
basically complete yet we stiU have £20m available. It is difficult to find projects 
to spend it on. We could equip the port with gold-plated cranes but we could not 
buy a fish and chip shop outside Tees. Privatisation is very necessary. 
(The Times 24/5/91) 
Whilst some ports were crying out for port privatisation because of restrictions hi their 
operations, not all ports were of the same opinion, notably Dover. The prospect of being 
bought up and absorbed by another port was probably on the minds of some of the 
smaller ports whose main ahn under theh trust status was to serve the needs of the local 
community rather than exploit theh users m terms of obtaming increased revenues. Tees 
and Hartlepool were mstirumental in bringmg about the mtroduction of the Ports Act 
1991 by lobbying parhament. Unfortunately for them their management buy-out bid 
headed by John Hackney was rejected by the govemment in favour of a bid of £180m 
from Powell Duffiyn (The Guardian 4/1/92). However, Powell Duf&yn itself was 
purchased by Prestige Acquisitions, a buyout vehicle backed by Japan's Nikko 
Securities for £507m towards the end of2000 (Lloyd's List 6/11/2000). 
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Today the.private "sector of the UK.port hidustry is divided up between five major port 
owners and a number of smaller independent owned ports. The largest owner of ports is 
Associated British Ports which currently operates twenty three ports across the country. 
Next is Forth Ports with mterests mainly m Scotland with the exception of the port of 
Tilbury, acqiured after privatisatioa Clydeport, which own four ports also mamly 
operates hi Scotland; alorig the river Clyde.- The largest port^  operator m the world,, 
Hutchison "Whampoa, which owns ports and operate termmal services hi soriie seventy 
ports world-wide currently own three ports m the UK, Felixstowe, Thamesport and 
Harwich. Lastly the Mersey Dock and Harbour Company (MDHC) own two ports, 
Liverpool along the river Mersey and, the port of Medway m Kent. In addition MDHC 
has recently undertaken a joint venture to operate the port of Maputo in Mozambique 
and through its subsidiary consultancy firm, Portia Management Services, is mvolved hi 
port projects around the world (Port Development International, September 1998). 
The port privatisation process in the UK can thus be divided mto two eras, the first 
occurring in 1983 with the formation of Associated British Ports and the second 
occurring after the 1991 Ports Act. Deregulation of the labour market unusually 
followed several years after the first privatisations with the aboUtion of the NDLS in 
1989. The method of port privatisation adopted can also said to be unique, with the 
exception of New Zealand, with the privatisation of all three elements of the port as 
identified by Baird (1997), viz. the landowner, port operator and the port authority. It is 
this last element, the port authority, which has attracted much attention from other 
countries studying port privatisatioa The port authority is traditionally seen m it 
regulatory role and one that is considered by most countries to still lie within the reahns 
of the state. 
57 
Thiis, one of the results jfrom port privatisations has been the clear distmction between 
the different ftinctions of the port. Privatisation has helped distmguish the three 
principal roles that a port plays. Firstly, as landlord owning the wharf-and hifrastructure. 
Secondly, as the operator owning the superstructure and conducthig the day to day 
bushiess of the port. Thirdly, as the port authority overseeing the dredging, pilotage and 
various regulatory fiinctions withhi the scope of the port and approaching waterways. 
The success of the port privatisation process and deregulation of the hidustry depends 
upon the viewpohit taken. As has been noted, Tumbull and Weston (1993) argue that m 
some instances deregulation contributed to an excess of investment that merely served 
to capture busmess from rival UK ports. Although few would argue that deregulation 
was not necessary but privatisation is another issue. It is in j^ossible so say what would 
have happened had port privatisation not occurred. The UK port mdustry would 
certainly be different and indeed maybe also the world port sector. 
3.5 Administration of ports 
In the UK Cass (1996) says there are three types of port ownership viz. trust, mxmicipal 
and company ports. These same ownership stractures can be found around the world 
(see Appendix I). 
3.5.1 Trust ports 
Until recently hi the UK trust ports comprised the mam category of port 
administration/ownership. In 1989, 26 of the top 70 ports (37%) were trust ports. These 
70 ports accounted for 468 million tonnes of cargo throughput, some 97% of the total 
UK traffic. The trust ports' share was 196m (42%) (Wild et al 1995). This figure has 
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since fallen by half followmg the privatisation of Tees and Hartlepool, Medway, 
Tilbury, Forth, Clyde and the sale of Ipswich. 
Unusually the Port of Tyne although a trust port is covered by hs own Act of 
Parhament, which was passed in 1989 and gave it greater powers to sell land and enter 
into jomt ventures. Ithas ahready sold 'vast tracts' to Tyne and Wear Development 
Corporation (Lloyd's List 12/9/95). The port of Tyne, which was set for privatisation by 
the Conservative govemment, saw these plans dropped foUowmg the Labour party's 
victory in the 1997 general election. Previously there was a House of Commons 
majority of 12, with 234 members voting for privatisation and 222 agamst (Lloyd's List 
7/12/96). 
Other trust Ports in Great Britain are Aberdeen, Bridlington, Brightlingsea, Dover, 
Dumfries, Falmouth Docks, Gloucester, Great Yarmouth, Kmg's Lyn, Milford haven, 
Newport, Newlyn, Poole, Shoreham, Teigmnouth and Ullapool. 
3.5.2 Municipal ports 
At the begirming of2000, the govemment, concemed about the running of the nation's 
murucipal ports, issued a White Paper recommending that aU the United Kingdom's 
ports, with the exception of Northem Ireland, review their activhies with a view to 
making changes. The recommendations arose because of concerns that some municipal 
ports were being run by church mmisters as opposed to industrialists or those with. 
experience of local busmess requirements (DETR 2000). The White Paper listed the 
existence of some 88 mxmicipal ports within the United Kingdom 
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Port of London Authority (PLA) 
PLA is the UK largest port m terriis of overall volume with throughput totalling 55.7m 
tonnes in 1997. Of this, 6m tonnes moved through the Shell Haven Refinery where 
feedstocks and finished products were shipped through its four jetties at Stanford-le-
Hope (Lloyd's List 5/11/98). This however closed hi 1999 and negotiations are 
underway for P&O Ports to develop a new container port at the she ready for operation 
in 2005. The she will be in competition with Thamesport, owned by Hutchison 
Whampoa Port Holdings and Tilbury hi which P&O Ports also has a partial stake in 
terminal operations. In the meantime PLA faces declining revenue and has had to make 
some staff redundancies. 
Other municipal ports include Aberystwyth, Bristol, Colchester, Exeter, Penzance, 
Perth, Portsmouth, Preston, Southend, Tenby and Weymouth. There are also copious 
smaller ports many situated on the numerous isles of Scotland. 
3.5.3 Company ports 
Ports which previously had fallen mto the above trust and municipal categories but 
since have been privatised hiclude the foUowmg five major players in the UK port 
industry. The reason why these have been mcluded here is that they now have mterests 
that go beyond a single port or beyond the U K They present a good mdication as to 
how port ownership will develop in the future. 
Associated British Ports 
Associated British Ports (ABP) was founded hi 1983 when 52% of the company was 
offered for sale in the form of shares that raised £22m The remaining shares were later 
sold by the govemment m April 1984 and raised an addhional £52m With the recent 
acquisition of the port of Ipswich ABP today manages 23 ports nation-wide. Shares in 
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the company hicreased 20 fold from 1983-95 (Lloyd's List'10/4/97). The Port of 
Immmgham is owned by ABP but operated jomtly with the Port of Grimsby. The port 
handles more than 43 miUion tonnes of cargo a year and 300,000 vehicles. It is the UK's 
mam sugar exporter and the largest gram and feed port. It handles more rail freight than 
any other UK port. More recently the port Of Hull gained 350,000 tormes of paper 
imports from Fhdand-(Lloyd's List 20/5/99). • • . • . 
The Port of Southampton is the UK's second largest container port next to Felixstowe. 
Its owners ABP hope to expand the container activities and make it into the largest 
contahier port with a capacity of 1.3m TEUs. However its proposal to expand the port 
into Dibden Bay has met with opposition from the 'Green' lobby because of concerns 
that h will upset the balance of nature with that area. Southampton also has large Ro-Ro 
facilities and competes sfrongly with the port of Bristol for Ro-Ro orders. Simated close 
to the capital of the country and the industrial region know as the M4 corridor, where 
the likes of Renault (owned by Nissan) produce cars, it is in a prime location for the 
export as weU as the import of vehicles. 
ABP bought the port of Ipswich m 1997 as part of it horizontal sfrategy to increase its 
market share of UK ports. ABP also bought in 1999 American Port Service and Exxtor 
as part of h vertical diversification strategy to operate termmals and facilfties within its 
ports. This asset was fiirther added to by the bitymg of another stevedore company, 
Northem Cargo Services, in September 2000 causing some to wonder whether the 
process being adopted by ABP may lead to a monopoly of stevedore services with the 
U K This is a complete reversal of the NDSL era where stevedore services were 
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independent from the port owners and to some extent stevedores could be regarded as 
enemies of the port with completely opposmg objectives (Lloyd's List 18/9/00). 
Clydeport 
Clydeport operate facilities along the river Clyde at Glasgow, Greenock, Ardrossan and 
Hunterstoa In 1995 it acquired Scott Lithgow yard at Greenock for £1.95m and in late 
1999 it bought the Govan shipyard on the south bank of the Clyde from Kvaemer for" 
£2.25m It has however reniahied quiet in comparison to other ports and taided to 
concentrate on improving profitabihty as opposed to purchasmg other ports. Pre-tax 
profits rose by 47.8% to 7.85m m 1998 (Lloyd's List 11/6/98). Plans are underway to 
develop facilities at Hunterston, which boasts the largest jetty of it kmd m the UK in 
36m of water capable of handling ships up to 350,000 dwt. This fecility will handle six 
milhon tormes with the space to double with httle additional mvestment (Lloyd's List 
19/2/99). In addition the company is also looldng at plans to develop prime riverside 
property and Ro-Ro facilities at Scott Lithgow (Lloyd's List 18/3/99). Clydeport is 
probably the most successfiil of all the UK's privatised ports m terms of it stock market 
price. Over die year 1999-2000 it price has risen despite a declme m all the other port 
owners. 
Forth Ports 
The flotation of Forth ports on the London stock market was unique m the history of 
UK port privatisation because of the alleged undervalue of the stock upon floatation. 
When the port was sold the govemment received £55.ha The share price was originally 
set at £1.10 m March 1992 and rose to £5.05 m Febmary 1994, an hicrease of 460%. 
The method of sale and the subsequent large rise m the share price has prompted 
criticism from some quarters m that the share price was set too low. Also by adopting 
the method of share flotation this prevented other comparues who may have been 
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interested in placing a bid. It share price has since risen to over £9. 
As a resuh of the Ports Act 1991 hi March 1992 the Port of TUbuiy underwent a 
management employee buyout (MEBO). The port is now owned by Forth Ports and 
situated on the River Thames 22 miles east of Greenwich. It has dhect mahi road access 
via the A13 hito the heart of London and is less than 10 rniriutes drive firom the M25, 
. London's orbhal motorway, with access to the rest of the U K In November 1998 anew 
hitermodal rail termmal was opened giving the port direct access to mainland Europe 
via the Channel Tuimel and a handhng capacity of30,000 TEU per annum Tilbury has 
Freeport status meaning that payment of import duties, VAT and EU levies can be 
delayed or avoided, hi 1996 the port handled 397,000 TEUs, placmg it 80th m the 
world. By 1999 though TEU throughput had increased to half a million but world 
rankmg fell to 84* positioiL 
Babcock International, the parent company for Babcock Facilities Management Group 
who managed the MOD's naval contracts at the port of Rosyth for 10 years secured the 
purchase of Rosyth m 1996 for £27m It was later acquhed by Forth ports in November 
1997 when it agreed to lease 60 acres next to the quay at Rosyth fi-om Rosyth 2000 
consortium (which hicludes Babcock Intemational, Scottish Power, Forth Ports and the 
Bank of Scotiand). It is situated a mile firom the M90 motorway and eight miles fioni 
Edinburgh. 
Today Forth ports owns Leith, Grangemouth, Methil, Bumtisland, Kirkaldy, Granton, 
Rosyth, Dundee and Tilbury. It also owns Hound Pohit marine terminal where oil is 
pumped through pipelines. Thbury, Dundee and Rosyth were bought after Forth was 
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privatised in 1992. Leith is home to the former royal yacht Britannia at the new £100m 
deep water cruise ship ocean terminal The terminal includes department stores, shops, 
restaurants, bars, a cmema, hotels and a leisure centre (Lloyd's List 11/6/98 & 26/4/99). 
Hutchison Whampoa 
Hutchison Whampoa operate with three ports iu the tHK, Fehxstowe, Thamesport and 
Harwich, aU • situated east of London. Hutchison Whampoa acquhed the pOrt of 
Felixstowe hi 1990 and today it is the UK's largest contameV port. F'prmerly known as 
Felixstowe Dock & Railway Company Ltd. (FDRC). FDRC combmed with Walton 
Contahier Termmal Limited to become Port of Felbcstowe Limited. Plans are underway 
to extend its Trinity tenninal to hicrease container capacity by several hxmdred metres. 
Thamesport was buih in 1988 at a cost of £150m on the Isle of Gram, east of London, 
by Maritime Transport services (MTS). MTS consisted of the three men who tumed 
Felixstowe hito the UK's leadmg contahier port. However, a consortium of eleven 
banks sold the debt-ridden company in October 1995 for £52.45mto Rutland Trust Pic, 
a company specialising hi bitying debt-laden companies and refinancmg them 
Hutchison Whampoa later bought the port m December 1997 for £112m Harwich, a 
predominately ferry port was previously owned by Stena Lhie of Gothenburg. 
Hutchison Whampoa bought Harwich in early 1998 for an undisclosed figure makmg it 
the 70th port either owned or operated by them world-wide. 
Mersey Docks and Harbour Company 
In 1971 Mersey Docks and Harbour Conpany (MDHC) was given financial assistance 
by the govemment due to its near bankrupt state. In 1982 MDHC virtually declared 
itself bankrapt when for the second thne it depleted its financial reserves. However, m 
the past decade throughput has tripled, tumover more than doubled and profits soared 
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more than 15 times. This hicrease m profitability enabled MDHC to acquhe, soon after 
privatisation, the Port of Medway in October 1993 for £104m 
One of the first ports to be privatised foUowmg the 1991 Act was the Medway Trust 
Port m Kent during March 1992. This was privatised hi a management biy-out scheme 
and raised £13m for the government Controversy has surrounded this privatisation due 
to the subsequent resale of the port eighteen months later to another recently privatised 
port, MDHC. The agreed price of £104m has meant that employees and mstitutions that 
paid £1 per share at privatisation saw theh value increase to £37.25 per share. The chief 
executive stood to make £12m in cash and shares out of the deal, the finance duector 
£4m and the company secretary £3.5 (The Thnes 23/9/93). NaturaUy, there has been 
speculation and condemnation that mdividuals should become mstant millionahes from 
the privatisation of hidustries that were until recently owned by the state. More recently 
MDHC acquhred a 100% holdmg of IMARI Ltd, the Irish based Logistics and Port 
Services Group (www.ukwhe.com). 
3.6 World port privatisation 
Only in the 1980s did the dismanthng of communist systems and the increasing 
mfroduction of market-oriented pohcies on a world-wide basis open the way for 
decentrahsed port management and for reduced govemment intervention in port affahs. 
Private sector investment and involvement in ports emerged as a significant issue in the 
1980s. By this time many ports had become bottlenecks to efficient distribution chains 
of which they are an essential component These problems contributed to the gradual 
deterioration of service quality (illustrated by port congestion and consequent chronic 
service failures) during this period. 
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Before the 1980s the extent of private participation with ports was extremely hmited. 
Private participation in this context refers to non-government owned companies 
working withm the govemment owned and controUed port. Private companies 
participate withhi ports with the view to makmg a profit whereas the main aim of the 
govemment owned port is primarily to service the needs of its customers. In die UK 
•private participation hi ports began followong the Second World War but it was limited 
to those ports handling bulk or hquid products.. Private participation however can really 
have been said to have grown hi the 1980s. British Ports were thirty four times 
oversubscribed, the electricity companies ten thnes. Rolls Royce rune thnes and British 
Aerospace twenty three times (Marsh 1991). The extent by which port privatisation was 
copied around the world can be seen in Appendix I- This illustrates the ownership 
stmcture of some of the world's largest ports. Of the top 100 contamer ports, seven 
remain public whilst eighty-eight have some form of private participation although with 
a greater proportion being pubhc hivolvement. Two ports have more private sector 
involvement than public whilst three ports are completely in the hands of private 
industry. The list is constantly changmg and by no means complete, but what it does. 
show is that of those ports listed, most fall withhi the partial public/private category 
meaning that if there is a 'typical' port then this is the 'norin'. 
Some countries have rapidly progressed towards the goal of privatisation whilst others 
have been hindered by pohtical, fiscal, labour or a general unwillingness to accept 
change. More than 40 countries have committed to some form of port privatisation and 
more are likely to do so (Cass 1996). Between 1990 and 1998 some 112 port projects 
with priviate participation reached financial closure in 28 developing' countries with 
investment totalling more than US$9bn (Sommer 1999). The value of world-wide 
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privatisations in 199?- grew by 10% oyer the preceding, year providing governments 
with US$145 biUion (Washington Times 2000). In the absence of a generally accepted 
universal meanmg, the tenh privatisation must be taken loosely since each country has 
its own idea of what privatisation is. With this hi mmd and as an indication of the extent 
of world-wide privatisation it was reported that m 1995 the value of state seU-ofis for 
that year was estimated, to have reached a record figure of US$73bn With at least forty-
five countries in.the process of'privatismg' some industries (Economist 199.6): Between 
1980 and 1992 more than 15;000 state owned aiterprises (SOEs) were privatised world­
wide. As a consequence privatisation has substantially reduced the size of the state 
owned enterprise sector in several countries and in the process created room for the 
emergmg private sector (Sader 1993). 1995 was a record year for privatisations. 
However more recent figures now show that this record was doubled in 1997 with 
around US$150bn behig raised from global privatisation (see Figure 3.1) A full 
breakdown by country is contained in Appendix II. 
What we can conclude from these findmgs is that the govemments raised vast sums of 
capital, £50bn in the UK from all privatisations, and that other countries around the 
world have followed the same process (Ramanadham 1994). 
In the UK privatised ports account hi tormage terms for approximated 70% of goods 
shipped through ports (Bahd 1999). Port privatisation has even brought an increase in 
business for insurers as ports no longer have the backing of a state for protectioa Some 
coxmtries such as China have not been used to msurance by anyone other than the state 
for the last 50 years (Port Development Intemational July/August 1998). 
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Figure 3.1 Global amounts raised from privatisation 
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Cass (1996) points out that the most common type of port privatisation is the sale of 
operating concessions, joint public/private venture, private orientated but port authority 
controlled operating subsidiaries, the 'corporatisation' of government port agencies or 
flie dissolution of govemment owned cargo handling monopohes. 
The 'lock, stock and barrel' approach of the UK and New Zealand are the exceptions. 
Everett and Robhison (1998) in their research hito Australian port reform suggest that 
the corporatisation of some ports has not resulted in the liberalisation and near private 
performance that was anticipated. 
Labour reform remams a significant barrier hi many deveiopmg countries hi theh plans 
to modernise ports since one of the early 'casualties' of port reform tends to be the 
reduction of manpower. However, m developing countries where jobs are scarce such 
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policies cause political unrest and can result in a government's fall froni power. Thus, 
one of the 'problems' with privatisation is the perception that it reduces jobs. Indeed, 
this is often the hnmediate reahty in many hidustries that are privatised, as companies 
no longer have to accept out-moded en^ ployment practices. The longer term view that it 
creates efBciency, profitability and growth are not issues that are considered by those 
faced with the prospect of redundancy. 
The amount of private capital dhected at developing ports world-wide since January 
1996 approaches US$10 billion (Juhel 2001). Private participation in port operation has 
grown strongly over the past decade, driven by broader trends in the transport sector and 
a new understandmg of the public sector's role in the provision of infrastracture 
services. In some countries labour unions, which can play an important role in the 
sector, remam highly critical of private participation, however, mostly because of the 
changmg workforce reductions mtroduced by private operators. 
Private sector participation can be seen clearly in the area of Electronic Data 
Interchange (EDI). The EDI systems like SEAGHA hi Antwerp and INTES m 
Rotterdam are examples of a jomt mitiative between the private port sector and the 
respective port authorities. The initiative for private-sector participation in public-sector 
ports usually arises from one or more of the following factors: competition from other 
ports, or competition between customers; Govemment political platforms; public outcry 
against high port charges; low productivity; theft and unavailability of the merchandise. 
Any entity providiag port facilities and services should operate in a commercial 
envhonment govemed by market mechanisms. Govemments should adopt a legal 
regime combinmg deregulation and decentralisation with antimonopoly laws and 
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specific legislation defining private isector participation (Economic Commission for 
Latin America and the Caribbean 1999). 
Figure 3.2 The extent of world port privatisation in developing countries 
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(Source: adapted by the author from Sommer 1999) 
Ports are a mkture of industry and services that serve specific production processes 
(Suykens 1986). Ports have a natural geographic monopoly that only erodes when 
efficiency has been reached in cargo handling and in the sea and land transportation 
Imks (Heaver 1995). 
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Figure 3.2 shows the growth of private participation in port projects in developmg 
countries. As can been seen by the graph on the bottom, the nurnber of projects has 
"mcreased from the low singles figures of the early 1990s to over twenty by 1995. 
Likewise the value of these hivestments, as displayed by the graph on top, also saw a 
peak hi 1995; . 
Although, the numbers of investments and the amount involved has since declmed, this 
would be expected as port mvestment traditionally happens m stages as opposed to 
regularly yearly investments owmg to the large amounts of capital requfred to purchase 
infrastracture and superstracture. 
Table 3.1 The extent of private port participation by region in developing countries 
Region Total Investment 
(1998 US$ Millions) 
East Asia and the Pacific 38 5,411 
Europe and Central Asia 8 • 23 
Latin America and the Caribbean 48 2,498 
Middle East and North Africa 5 377 
South Asia 9 943 
Sub-Saharan Africa 4 32 
Total 112 9,283 
(Source: adapted by the author from Sommer 1999) 
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Table 3.1 illvistrates that during 1990-98 around 42% of private, mv'estment in ports 
occiured m Latin America, by far the largest number of projects. Although Latin 
America accounted for most of the port projects. East Asia and the Pacific accounted for 
the most money with over twice that of Latm America Perh^s this signifies the greater 
confidence of private financiers in the Far East region compared to Latin America 
Figure 3,3 The extent and cost of port privatisation 
Top eleven developing countries by number of port 
projects with private participation 1990-98 
J- ^ .^^^ 
Top ten developing countries by investment in port 
projects with private participation 1990-98 
(Source: Adapted by the author from Sommer 1999) 
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Alternatively, it could be argued that the number of port projects m Lathi America did 
not requhre the same level of funds in order to achieve comparable results. For example, 
the land, labour and local manufacturing costs may be lower in Latm America than hi 
the Far East. 
Figure 3.3 illustrates-thetop eleven developing countries :and the amount of investment 
which th^ received for the years 1990 to 1998. As can be seen from the graph on the 
top, Latm American countries feature high on the list of those countries undergoing port 
modemisatioa The graph on the bottom illusfrates a comparison of the top ten countries 
by investment The countries withhi the Far East that feature prominently are those of 
Malaysia, China and Indonesia. 
Table 3.2 Improvements in port performance in Barranquilla, Colombia 
Indicator Before 1993 1996 
Average vessel waiting time (days) 10 No wait or in hours 
Working days per year 280 365 
Working hours per day 16 24 
Tons per vessel per day 
Bulk cargo 500 2,500 
General 750 1,700 
Containers per vessel per hour (gross) 16 25 
(Source: Adapted by author from Gaviria 1998) 
Table 3.2 illustrates the some of the benefits that can be achieved through private 
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intervention within ports. Table 3.2 is a comparison of the port of Barranquilla in 
Colombia for pre and post-privatisatioa As'can be seen there are significant gains to be 
made by mcreasing the number of hours worked. It should be noted that this increase in 
operating times was also combhied with investment. 
Public port agencies have beerimoving away from the'service port.mode under which 
the port authority provides comhiercial services as well as regulatory fimctiphs, and 
increasmgly adopting the landlord model. Under this approach public port authorities 
retam theh: regulatory functions and contmue to own the land and basic mfrastracture 
assets such as berths and breakwater facilities, but they divest themselves of the 
managerial and fmancial responsibihty for conmiercial facilities such as termmals and 
equipment in the port area. 
In most projects the new private port operators have taken on sigruficant investment 
obhgations for expansion and modernisation of existing facilities (commonly buildings 
and equipment). The pubhc port authorities, with few exceptions, have retained 
obligations for investment hi berths and breakwater facilities and maintenance of access 
chaimels. Rapid growth in trade and insuflScient mfrastmcture in East Asia have meant 
a larger role for new port facilities (greenfield projects) m that region and also explain 
the high volume of investment there, as in Malaysia In Latin America the private sector 
has more often taken over existmg mfrastmcture assets and hivested in refiirbishing and 
modemismg superstracture, focusmg on increasing the efficiency and productivity of 
existing assets. 
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Confi-onted with continued low.productivity of their stateruianaged ports and in view "of 
the productivity gains among westem ports, after their operations had been put under 
the control of private management, a growing mmiber of governments m developing 
countries considered adoptmg similar arrangements. Contracting a private consortium 
for the operation of the contahier termmal of Malaysia's Port Kelang was the first major 
mitiative along these Imes.It took place in the mid i980s. Smce thenth^ organisation of 
more that 100 ports m developmg and transhional countries has changed, with private 
parties participatmg to varying degrees in the operation and management of port 
services. 
Govemments began to consider the possibility of private participation m public-sector 
ports because of the advent of extemal concepts like globalisation. The role of ports m 
this process and the need for massive investments in modem technologies and facihties 
meant a dram on the pubUc purse. Private participation posed a dilemma for 
Govemments since public-sector ports could no longer be expected to meet the demands 
of globalisation and industry whilst usmg inappropriate technologies, or cutting costs 
while keeping an over-staffed workforce. Neither could they take away the benefits that 
dock workers enjoyed without cdnfrontatioa However, this impasse was eventuaUy 
resolved with a new regulatory framework that ensured that aU port stakeholders 
(customers, labour force and terminal operators) were requhed to respond to market 
forces. The main question of discussion amongst govemment officials and industrialists 
was not who should be the owners of port machinery and infrastmcture, but what 
regulatory framework Govemments should adopt to ensure that ports carried out theh 
activities imder commercial criteria 
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3.7 Conclusion 
Ruys (1988) points out that an industry consists of a set of enterprises supplymg closely 
relatedmarkets, and the rules and mstitutions servmg or co-ordmating these enterprises. 
Smce privately owned enterprises may be fiilly or partly regulated, and govemment 
owned enterprises may be profit maximizers, ownership is not a sufficient indication as 
to how a company will perform Yet, Nelson (1996) m summarismg the pros and cons 
of privatisation feels that the points hi favour outweigh those agamst. Lookmg at the 
.British experience of privatisation, Wiitshhe.(1986) states that m order to assess 
whether privatisation has been a success or failure it is necessary to weigh the results 
agamst the objectives. This is difficult to achieve since there were many objectives and 
many of those non-economic. At the end of the decade the National Audh Office had 
calculated that the maimer of privatisation had cost the UK tax payer £2.4bn hi expenses 
and asset values forgone, half of it on electricity and water (Marsh 1991). The cost of 
privatisation has varied vrith each hidustry that was sold. The range however was from 
1.7% of the gross proceeds of British Petroleum tender offer in 1983 to 11.8% in the 
sale of Associated British Ports (ABP) also m 1983. Though, rt has to be said that most 
indusfries fell between the 3 and 5 per cent figure (Jenkirison and Mayer 1988). 
We have seen that m terms of ports there are essentially three components that can be 
privatised, landowner, port operator and the port autiiority. This therefore means that 
ports can either be pubUc, private or jointly owned. Smdies, suchas those of Caves et al 
(1982), Tandon (1997), Freeh (1980) and De Alessi (1980) all show that ownership is a 
key mdicator of performance. As we have noted, an hicreasmg number of countries 
have changed the ownership stracture of many of theh key industries from the pubhc 
sector to that of the private sector via privatisation. Many countries seem to prefer the 
arguments for privatisation as opposed to 4hose agamst and this is why world 
76 
privatisation has grown at such a rate as, illustrated to some extent hi Figure 3.2. 
Privatisation has affected many areas of the British econonty mcludmg, but not limited 
to the telecommunications, electricity, water, railways as well as the maritime sector. 
Fmthermore, privatisation reforms have been adopted world-wide as a way of providing 
investment hito capital intensive hidustries. 
In summary the evidence indicates that there is hideed a difference between the success 
of an industry and its ownership. Therefore, this thesis will be looking to estabhsh 
whether there is a 'whming' formula hi terms of ownership stmcture for ports. Ports by 
their nature bemg immovable objects requhe the right level of mvestment to ensure that 
future demands are met adequately. Whether they are owned by the govemment or by 
private companies may have an effect upon theh- efiBciency as hi the case of studies of 
raUways by Caves et al (1982). Havmg discussed ownership stmctures and estabUshed 
the three types present in ports the next chapter will go on to look at organisational 
stmctures before combining both ownership and organisational structures into a 
conceptual model. 
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Oiapter 4 Oi-ganisational structures 
4.1 Introduction 
The purpose of this research is to identify the key components of the differmg 
organisational stmctures that occur withhi ports with the aim of ascertammg whether the 
organisational stmcture has an effect upon efficiency. To do this successfully it is 
necessary to consider the theory of organisations and analyse the different structures 
that exist and the factors that have mfluenced their evolution; 
Organisations are essentially, by definition, created hito bemg to achieve one or more 
goals. Everybody at sometime in thehr life will be affected by or be a part of an 
organisation, whether it is the organisation of a primary school or a bank. 
Organisational theory is based on the belief that organisations can be described, 
elucidated and classified according to theh function, performance and expected 
performance. Its primary role is to provide a description and explanation of the 
phenomenon of organisations. It developed because of a need to elucidate and 
understand the role that organisations play m society. With this understandmg comes 
the notion to improve procedures and increase efBciency. Indeed efBciency is one of the 
core reasons behind the study of organisational theory. Earher observers of 
organisations noticed that small specialisation of labour into repethive tasks achieved a 
greater output than one individual devoted to the production of one entire good. As 
goods became more complex, fi-om makmg nails to buildmg cars, so this notion became 
more relevant. Organisations developed as groups of people gathered together to 
produce a good or service. Organisations are necessary because without them no one 
human can accon^)lish things now taken for granted as everyday basic necessities such 
as runnmg water, heatmg and a safe home. Maslow (1943) identifies these as basic 
needs to be satisfied before additional tasks can be accomplished. Maslow (1943) 
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conceptualised these basic needs into a hierarchical pyramid with the buildmg blocks of 
water, heat and safety at the bottom It is Maslow's (1943) belief that high goals cannot 
be attamed without achieving these basic needs. Once they have been attained only then 
is it possible, he argues that higher levels or organisation can be considered. 
Organisations are needed when performing more complex tasks such as buildmg a 
temple or flying to the inoori. Without the 'group conscience' of organisations none of 
these tasks would be accomplished,, Orgaiusations as a means of organismg people to 
perform set goals are likely to remain thus making understandmg of them important. 
4.2 Definition of organisation 
Whilst there is no uniform defirution of what constimtes an organisation many people 
over the last century have attempted to define it with varymg degrees with hmited 
success. Here are a few examples: 
"a social relationship which is either closed or limits the admission of outsiders by rules, 
...so far as hs order is enforced by the action of specific mdividuals whose regular 
function this is, of a chief or 'head' and usually also an administrative staff" 
(Weber 1947) 
"Organisations are social unhs (or human groupings) dehberately constructed and 
reconstmcted to seek specific goals. Corporations, armies, schools, hospitals, churches 
and prisons are included; tribes, classes, ethnic groups and famihes are excluded." 
(Etzioni 1964) 
"a system of consciously co-ordmated activities or forces of two or more persons" 
(Barnard 1938) 
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"...organisations are defined as collectives...that have been established for the pursmt 
of relatively specific objectives on a more or less continuous basis. It should be 
clear...however, that organizations have distmctive features other than goal specificity 
and continuity. These include relatively fixed boundaries, a normative-order, authority 
ranks, a communication systern, and an hicentive system which enables various types of 
participants to work together m the pursuh of common goals. • 
(Scott 1964) 
"An organization is a collectivity with a relatively identifiable boundary, a normative 
order, ranks of authority, comminations systems, and membership co-ordmation 
systems; this collectivity exists on a relatively continuous basis in an envirorunent and 
engages in activities that are usuaUy related to a set of goals; the activities have 
outcomes for organizational members, the organization itself and for society." 
(HaU 1996) 
The theme running through all these defirutions is that organisations mvolve groups of 
people engaged m some kind of stmctured activity. This activity is the goal for which 
the organisation came hito being.' Organisations are govemed by a set of rules, these 
rules not only state what the function of the organisation is but how it wiU achieve hs 
goals and monitor its progress. The monitoring is performed by a hierarchy of managers 
whose task and responsibilities are defined withhi the mles of the organisation. 
4.3 Historical development of organisational theory 
Although the above definitions help to clarify the subject that is being studied none of 
these are smgularly considered as a generally accepted definition of organisations. As 
there are differing definitions there too are various differing theories as to how 
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organisations operate. These differing, approaches are how elucidated. As with nian)' 
subject areas there are conflicting theories and Over time certain theories come in and 
out of fashion. Robbms (1990) sets out to classify organisational theory into distinct 
phases that are condensed into Table 4.1 
Table 4.1 Phases of organisationai theory 
Time 1900-1930 1930-1960 1960-1975 1975-? 
System Closed Closed Open Open 
perspective 
Ends Rational Social Rational Social 
Perspective 
Central theme Mechanical People and Contingency Power and 
eflficiency human relations designs pohtics 
Theory Typel Type 2 Type 3 Type 4 
classification 
Authors Taylor Mayo Katz & Khan March & 
Fayol Barnard Aston Group Simon 
Weber McGregor Pfeffer 
Davis Beimis 
(Source: adapted by author from Robbins 1990) 
Type 1 The mechanical efficiency (1900-1930) 
This adopts the approach that organisations are mechanical devices and focuses upon 
mtemal functions of the organisation to achieve efficiency. Frederick Taylor in his work 
titled 'Scientific Management' of 1911, identified the foUowmg four factors hifluencing 
efficiency or greater productivity: 
• the replacement of rule of thumb methods for determming each worker's job with 
scientific determmation 
• the scientific selection and trainmg of workers 
• the co-operation of worker and management to accomplish objectives as per the 
scientific method 
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• a better division oflabour between managers and workers 
Although Taylor's work is now considered limited it has been revolutionary hi definhig 
the manager's role. It is limited m the sense that he was looldng at organisation of work 
at the lowest level of the organisation. Taylor set about defhiing the role of a manager 
and showmg that it was possible to analyse worker production with a, view .to creating a 
high output. Today,. Taylor's work forms the basis of orgarusational theory. In contrast 
to Taylor, Henri Fayol (1916), based his work upon scientific research after years 
canymg out experiments at a Peimsylvanian steel factory. In his 'principles of 
organization' Fayol identified 14 pohits based solely upon his emphical research as a 
practismg executive. The pohits range from defimng the division "of work to promoting 
team spirit to build harmony and unity within the organisation, 
Continumg with mechanical efficiency Max "Weber is known for his work on the 'ideal' 
stracture, in particular the posthumous English translated version of 1947 in which he 
defined bureaucracy. Its characteristics are division of labour, a clear authority 
hierarchy, formal selection procedures, detailed rules and regulations, and impersonal 
relationships. It has formed the basic design prototype for the stracture of most of 
today's large organisations (Robbins 1990). Another major contributor to the 
mecharucal efficiency approach is Ralph Davis. Davis proposed a rational planning 
perspective that said that stracture was the logical outcome of the organisation's 
objectives. Davis (1928) states that the primary objective of a bushiess firm is economic 
service. "With this comes the activity which m tum hnk to the results. Thus, the 
management's role was to work out how best to group the activities hi such a way as to 
form the stracture of the organisation. 
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Type 2 People and huniMi relations (1930-1960) 
This approach operates under closed-system assumptions but pays particular attention to 
informal relations and non-economic motives within the organisatioa Unlike the 
'mechanical' approach whose proponents saw organisations as not well-oiled and 
perfectly predicable machines. Although management could design formal procedures 
there were also informal patterns of communication, status,, norms and friendships 
created to meet the social needs of organisations members. 
In a series of experiments during the 1930s, which became known as the Hawthorne 
Studies, Elton Mayo looked at how workers' productivity was influenced by light. 
Working with the Westem Electric Company he sought to estabhsh whether there was a 
correlation between hght intensity and output productioa It seems that whilst output 
rose whh light mtensity it also rose when reduced. Only when the hght was equivalent 
to moonhght was there a noticeable reduction hi productivity. This lead to the beUef that 
it was the experiment ttself that was hicreasing productivity as workers became 
conscience that they were being observed. His results paved the way for a new theory 
that gave consideration to the effects on work groups, employee attitudes and manager-
employee relationships. It was a humanistic approach that was very disthict from the 
earher mechanical approaches. 
Chester Barnard (1938) proposed that organisations were co-operative systems and that 
these systems were made up of tasks. The manager's job was to organise around the 
task that needed to be done and the people performing it. He challenged the classical 
view that authority flowed down from the top by saying that the authority should be 
defined by the response of the subordmate or, hidividual. It was then up to the manager 
to improve lines of communication and stimulate productivity. 
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Continuing the humanistic approach Douglas McGregor (1960) defined two distmct 
views of human bemgs; one negative, theory X, and the other poshive, theory Y. Each 
theory has four separate pohits ranging fi-om the assiuhption.that all workers inherently 
dislike work to that the average .person can learn to accept, even seek, responsibility. 
McGregor behoved that managers held any one. of these four contrastuig views atid 
morrlded thehr own. behaviour tovyards thehr workers' accordmgly. Thus, if the manager 
felt that aU his employees mherently disliked work he would create procedures within 
the organisational stracture to monitor work progress and report results. Alternatively, 
the manager who believed that all people strive towards responsibility would be flexible 
in his reporting, control and monitoring procedures. Thus, depending on the 
management's ovra perceptions the organisation would be either bureaucratic or flexible 
in its hierarchical organisational stracture. 
Warren Bennis (1966) argued that the firm had changed from Weber's description of 
bureaucracy to a decentrahsed and mformal approach arranged aroxmd flexible groups. 
These new organisations were termed 'adhocracies' and, as their name suggests, they 
were designed around the needs of the tasks to be completed rather that the task bemg 
made to fit into the stracture. 
Type 3 Contmgency designs (1969-1975) 
Robbms (1990) states that neither the type 1 mechaiustic nor the type 2 hxunaiustic 
approach could provide all the answers sought by those studying organisational theory. 
This paved the way for a synthesis of ideas hito what is know as the contingency 
approach. Concenfration was given to size, technology, and envkonmental uncertamty 
as the major variables m achievement of the organisation's goals. 
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Daniel Katz and Robert Khan (1966) in theh book 'The Social Psychology of 
Organizations' opted for a 'open-system' approach to organisational theory. This 
system takes into account the environment and allows for adaptation if required. 
Another contingency design theorist, the Aston Group, based at the University of Aston 
claimed that the size" of the brgarusation is an important factor influencing stmcture. 
Large organisations were shown to have iriany common stmctural components"; 
similarly it was claimed that small orgaiusations tended to have similar stractures to 
other small organisations. Most importantly they claim that as the size of the firm 
changes so does the stracture along an established pattern (Pugh etal 1969). 
Type 4 Power and politics (1975-) 
This process sees a retum to the social perspective characterised by the type 2, people 
and human relations, perspective of the 1930s-1960s but with an open-system 
framework It beheves that the stracture is not the rational effort by managers to create 
the most effective stracture but rather the outcome of the political straggles among 
coalitions to achieve control 
March and Simon (1958) proposed that most decision makers compromised by selecting 
from a collection of satisfactory alternatives. Only hi exceptional cases were managers 
concemed with the discovery and selection of optimal alternatives. They caUed for an 
approach that would recognise the decision maker's rationality and acknowledge the 
presence of conflictmg goals. Li foUowmg on from March and Simon, Jeffrey Pfeflfer 
(1978) developed their work fiirther by proposing an orgarusational theory that 
recognised a continuing power straggle withhi firms which helps shape stracture. To 
understand the theory of an organisation one must imderstand the pohtical situation with 
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its diveirse coalitions. All nranagers have theh own career and set of objectives to 
consider when facmg decisions such as appomting subordmates or organising new 
divisions. 
One branch withhi organisational theory is that of organisational efifectiveness, which 
refers to how an organisation's effectiveness or efiBciency be can measured. Examples 
are given by Robbms (1990) that whilst con^anies may produce similar products at 
different costs, the one with higher production costs is not necessarily the least efficient. 
He cites an example involving American and Japanese car manufacturers. The 
American producer has higher labour costs and a higher retaU figure (ie. the cost paid 
by the customer) yet the profit element is also higher. Thus, are Japanese producers 
more efficient in producmg theh goods at a lower cost or the American organisations in 
makmg a higher profit? Some theorists beheve that efificiency is related to die goal of 
the organisation. If the goal is to maximise profits then the American firm 'wms' 
whereas if it is value for money then the Japanese car producer may 'whi'. Trouble 
occurs where organisations.measure on different scales and thus theoretically they can 
both wm. In reahty this is the case and organisations are measured in different ways. A 
good example of the complexity of measuring efficiency is in educatioa How do you 
assess whether a university is successfid or efficient? Measurements can be made of the 
number of students who gain certahi marks or their salary levels after leaving. However 
does this mean that the smdent is more efiBcient or the uruversity? The calibre of the 
intake, personal experiences along the way, facilities available, quality of sta^ and 
peers all have an influence in making the final outcome. Even then the outcome is not 
easily measured since some graduates achieve immediate rewards whilst other wait 20-
30 years by which time it is too late to change pohcies. Others choose to study fiirther in 
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the hope of deferred rewards or may seek non-firiancial rewards such as voluntary work. 
Thus, wrth any mput havmg the capability to diange the output, theories have been 
estabUshed to show how organisations work and how they can be measured and 
cornpared like for Uke. 
One approach to orgarusational efiBciehcy is the gpal-attainrnent approach; As 
mentioned earlier this measures; effectiveness against the goal of the company, ie. 
mission statement. It looks at the ends rather than the means. The bottom line is what 
counts, profit maximisation, weU educated people, restoring patients to good health, 
market share, quality approved products or a range of products/services. There are 
however problems even with this smce as Robbms (1990) pohits out some companies 
produce statements to justify past actions or produce different statements to send to 
different parties such as employees, customers, stakeholders and the pubhc. Thus, one 
statement to shareholders may say the company's aims are to maximise revenue, whilst 
a second to the customer may emphasis value for money and a thhrd to the employees 
may state the company's goal is to produce quaUfy products. 
4.4 Types of organisational stmcture 
Few would argue that the stmcture of an organisation does not affect how the company 
performs. Indeed this thesis adopts the premise that the ownership stmcture and 
consequently how a company is governed, dictate how efiBcient the company is. 
Orgaiusational stmcture can and often does vary amongst firms, with large firms 
tendmg to have a more complex stmcture. Peters and Waterman (1982) argue that 
American firms tend to have more vertical layers, Le. a steep sided organisational 
pyramid, than Japanese firms. He cites the Catholic Church as an example of a good 
organisational system with 800 million members and only five layers of management 
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viz; pope, cardinal,' archbishop, bishop and parish priest. However, recent problems 
withm the church have highlighted that even this stmcture is not a panacea. ' 
Rummler and Brache (1995) state that organisational charts have two mam purposes: 
1. To show which people have been grouped together for operational and 
• personnel development. 
2. To show reporting flows. 
Rummler and Brache (1995) state that managers are responsible for managing theh: 
defined departments whereas senior managers are responsible for managing the white 
spaces between the defined departments. In the horizontal view of organisations these 
white spaces are interlaced with criss-crossed arrows as departments talk to each other 
m the developmg or ongoing stages of the company's activhies. 
Although there are many different types of organisational stmcture they can be divided 
into categories. There is no universally accepted categorisation although Henry 
Mintzberg (1979) makes an attempt towards one. Before looking at dhBferent stmctures 
it is best to consider the basic elements that are apparent hi most organisations. 
Mintzberg (1979) identifies these as: 
• The operatmg core - employees who perform the basic work of the organisation 
• The strategic apex - top level managers charged with the overall responsibility of 
the firm 
• The middle line - managers who connect the above two areas together 
• The technostmcture - analysts who have the task of effecting certahi forms of 
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standardisation within the firm 
• The support staff - people who provide indhect support Services for the organisation 
Mhitzberg (1979) then goes on to define the different types of organisations that exist 
when any one of the above elements takes over as the dommant force within the 
company. These are; professional bureaucracy, simple structure, divisional .stmcture, 
machine bureaucracy and adhocracy. 
The simple stracture consists of a head who either owns or controls the con^any and 
everybody else is at the same subordinate level. It is often found in new companies and 
hs strength is that it is very flexible and requires Ihtle costs to mamtain. Problems can 
occur through breach of power or through the ill health of one persoiL These stractures 
rarely last long as either the company grows and it becomes impossible to maintam or 
the company dies. An example of the simple stracture can be see in Figure 4.1. 
Figure 4.1 The simple structure 
[= = 3 
1 „ „ „ ....1 
1 M I I . 
(Source: adapted by author from Mmtzberg (1979) 
The machine bureaucracy rehes upon standardisation of procedures thus making 
procedures highly efficient. It requhres less able managers to run it, resulting in lower 
costs. Problems occur when situations arise that do not conform to 'standard 
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procedures'. Initiative may take a secondary position as employees have to follow the 
cham of command and wait for a response before progressmg. It works well in large 
organisations with routme procedures that do not change rapidly, e.g. post office, 
prisons and tax offices. An example of the machine bureaucracy can be seen hi Figure 
4.2. 
Figure 4.2 The machine bureaucracy. 
(Source: adapted by author from Mmtzberg (1979) 
The professional bureaucracy combines standardisation with decentrahsatioa It occurs 
in organisations that requh-e specialist help. It combines with the machhie bureaucracy 
and suffers from the same disadvantages. It works best in organisations that rely heavily 
upon professionals to perform the main ftmctions of the organisation but nevertheless 
still requhe a certain amoimt of routine procedures to be performed. Examples would be 
sohcitors, accountants, architects, brokers. Theses organisations typically value thefr 
companies' wealth m terms of thefr people. Unlike manufacturing compames whose, 
main value lies m what they produce, the assets of professional bureaucracies lie hi the 
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people they employ. 
As the name suggests, the divisional stmcture, is made up of separate divisions or, 
segments, of an organisation. Each division acts essentially as a separate company with 
the headquarters retainmg ultimate control. Each division has its own targets that are set 
and monitored by the headquarters. Its strength hes withm theiniddle mahagementas h 
is they who run the company within the guidelines laid dovra by headquarters. The 
stmcture is a set of autonomous units, each typically a machine bureaucracy. It operates 
around the premise of decentrahsed operations and responsibilities with co-ordmated 
control. 
Figure 4.3 The divisional structure 
(Source: adapted by author from Mntzberg (1979) 
Examples include companies that produce different goods at different locations such as 
Proctor and Gamble and General Motors. Proctor and Gamble produce different 
products such as shampoos, nappies and detergents. By having a divisional stmcture 
products can be kept separate but functions such as marketing can be combhied to 
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ensure maximum product identification by consumers^  who may prefer to buy the same 
brand name for all theh household needs. The advantage of a divisional system is that 
decisions are made closer to the product or service than occurs in a machine 
bureaucracy. Disadvantages hiclude the possible duphcation of certain tasks, lack of co­
operation between divisions and unsuitable location of support staff 
An example of the divisional stmcture can be seen in Figuire 4.3. Rummler and Brache 
(1995) call the four columns of boxes running in parallel 'silos' since there is no 
interhning between the four separate departments who appear to operate as separate 
buildings or huge windowless stmctures, such as shos. 
The adhocracy has no formal rules for dealing with problems, no standardisation and no 
complex chain of command. It therefore has a very wide base. It usually exists ordy a 
short thne and its role is to perform a particular task. It is seen in the Sha industry 
where the goal is simply to produce a film or, in a computer company to design a one-
off piece of soft\vare. Its employees are mainly professional who need no supervisioa 
Problems are dealt with at a local level and thus decision makmg is very quick. Its 
origins are said to have developed hi the second world war when task forces were 
estabhshed with particular goals in mind. These missions could last for days or years. 
Theh sole purpose was to carry out a particular task and once this was completed then 
the members would be disbanded. All roles were hiterchangeable with each person 
being capable of carrying out the other member's task should the unforeseen happen. Its 
advantages are flexibility and quick decision making. Its disadvantages include conflict 
of interest and a lack of division of responsibility and standardisation of practices. 
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As Can be seen from the precedhig outlhie, organisations can effectively be divided into 
five different types as summarised ui Table 4.2. We have seen that there are five 
different categories of stmcture, all with their own advantages and disadvantages. 
Exammed now is how these stractures came into bemg. One obvious factor to influence 
stracture is size. 
Table 4.2 Types of oi^ anlsations 
Characteristic Simple Machine Professional Divisional Adhocra<y 
Structure Bureaucracy Bureaucracy Structure 
Specialisation Low BDigh Fimctional High Social High Functional High Social 
Formalisation Lovf High Low High within 
divisions 
Low 
Centralisation High High Low Limited 
decentralisation 
Low 
Environment Simple and Simple and Complex and Simple and Complex 
Dynamic Stable Stable Stable and 
dynamic 
General Organic Mechanistic Mechanistic Mechamstic Organic 
Structural 
classification 
(Source: Adapted by author from Robbins 1990) 
4.5 Factors influencing organisational structure 
Kimberley (1976) looked at the size of organisations and came up with four different 
factors of size. The first is capacity, in that organisations are hmited by the capacity 
they can hold. For example, universities are limhed by the number of classrooms and 
hospitals by the number of beds. The second factor is the nuinber of persormel 
employed in the organisatioa The third factor is orgarusational hiputs and outputs, with 
inputs behig the amoimt of, say, students served and outputs the number of 
quaUfications awarded. The final factor is the size of resources available to the 
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organisation in the form wealth or net assets. "Various studies have, looked at the size of 
an organisation in determmmg its stmcture. Early studies by Blau, Heydebrand and 
Stauffer (1966), Blau (1968, 1970, 1973), Blau and Schoenherr (1971), Mayer (1968a 
1968b 1971), Blau (1972) and Klatzky (1970a) concluded that size was important. 
However, Hall and Tittle (1966), Argyris (1972),- Aldrich (1972a), Hilton (1972), 
Aldrich,(1972b) and Heise (1972) suggest that h is hot asimportant factor m itself but is 
dependent upon other factors. 
Technology has an influence upon the stmcture of an organisation m different ways. 
The obvious example is where it is used in the passmg of information up and down the 
chain of command, coUatmg and analysing data to produce automatic reports to 
managers. Woodward (1958 and 1965) argues that technology has an effect upon the 
number of management in the hierarchy, the span of control of first-line supervisors and 
the ratio of managers and supervisors to other personnel. Technology is also used in the 
manufacturing process particularly where conthiuous output is requhred such as for 
pharmaceutical or driiiks manufacturers. Technology's effect upon the organisational 
stmcture m these industries is to reduce the number of manual packers with machines 
and a smgle supervisor. Daft and Bradshaw (1980) found in theh research of 
universities that a growth in admmistrative departments was related to large size, while 
growth m academic departments had more of a technological base. Technological 
hifluence upon orgarusations can also come fi'om outside. As new technologies are 
developed so certahi older technologic; become obsolete forcing organisations to adapt 
or fail 
This relates not only to the social envhonment withhi an organisation but also the 
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physical environment, such as climate or geography. It can also relate to the'extemal 
envkonment and changing perceptions' within society as a whole and increased 
competition. Pfefifer and Ledledici (1973) analysed the effects of competition on 
stracture and found that mcreased competition led to more formal and frequent 
reporthig procedures. When there was httle competition there tended to -be more 
changes m product design, production processes and the number of products was less. 
Thus it wOuld seem that mcreased competition reduces innovation and hicreases 
bureaucracy. This has ramification for newly privatised hidustries which, typically by 
government demand, are exposed to increased competition. This would seem to go 
against the belief that nationalised industries are large, expensive and unnecessary 
bureaucracies. Dubick (1978) in his research mto newspapers found that in chies with 
several newspapers aU components of the community were represented. The stracture of 
the company tended to mhror the society it was serving. In cities with only one 
newspaper the organisational stracture was different and tended to lead to minority 
groups gomg unheard. Fennell (1980) looked at hospitals and found that competition m 
hospitals led to hicreased costs for the patient Hospitals were discovered to be buying 
more expensive and imnecessary equipment Malan (1994) said that organisational 
decision makers take the nature of the environment into consideration when 
constracting hitemal stmctures. The perception of the envfronment is then enacted m 
the organisation through decision making. Thus, extemal pressures influence the 
decision makers when desigrung their mtemal framework rather than, as some may 
perceive, the decision being intemal. 
As organisations face intense competition hi thefr home markets or face the prospect of 
market saturation, it has often become necessary to seek altemative markets. Some 
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organisations such as telecoihmunication companies find h more profitable to mamtain 
strong control over the commuiiication between two or more countries. " Gar 
manufacturers find h necessary to set up dealers m foreign countries to promote theh 
cars. Retailers find lower labom: costs in developing countries for the manufacturmg of 
textiles. All these adventures hito foreign markets means taking over or makmg new 
orgarusations to handle the trade. How then is the organisation of a new 
company/branch to be managed? Is it associated with the local envhoriment or with the 
hohie environment of the parent company? In an analysis of Japanese firms in the 
United States, Ouchi and Jaeger (1978) found that the country of origm played a 
significant factor in the organisational structure. In contrast Bhnbaum and Wong (1985) 
ia theu study of Hong Kong banks found that the country of origm reflected httle in the 
organisational structure. There are many studies for and against, but Bhnbaum and 
Wong (1985) suggest that bias may account for the conflicting results that may be down 
to the cultural difference hi how those countries are perceived. 
Organisations are developed not just to pool the physical resources of a group of 
" mdividuals but more importantly for the collective knowledge and experiences that 
organisations bring together. Galbraith (1974) states as a basic proposition that the 
greater the uncertainty of the task, the greater the amount of information that has to be 
processed between decision-makers during the execution of the task. If the task is well 
understood prior to performing it, much of the activity can be pre-planned. If it is not 
undeirstood, then during the actual task execution more knowledge is acquired which 
leads to changes in resource allocations, schedules and priorities. The basic effect of 
uncertamty is to Ihnit the ability of organisations to pre-plan. Galbraith (1974) therefore 
hypothesised that the variations observed in organisational forms are variations in the 
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strategies of organisations to (1) increase their abiUty to pre-plan, (2) mcrease their 
flexibility to adapt to tiiehr mability to pre-plan or, (3) decrease the level of performance 
requhed for contmued viability. 
4.6 Current schools of thought on organisational tiieory 
.Over time the literature, as with any subject, has expanded as new theories challenge 
previous concepts on orgaiusatiohal behaviour. Tod^ there are several prevailmg and 
conflicting theories on organisational theory; We shall e:^ amine these in tum m order to 
give an understandmg of current ideologies. These differ from the different types of 
organisational theory mentioned earher in this chapter in that they represent prevailmg 
thought as opposed to the historical theories. 
The population-ecology model 
Sometimes known at the natural selection model, its mam focus is upon organisational 
change and transformatiorL It sees organisations that fit weU with the envirormient as 
long lasting and those that do not as short term. Thus organisations that do not conform 
are forced to adapt and change according to the accepted style. Aldrich and Pfeffer 
(1976) identified three main stages of this model, (1) the variations stage or mutations, 
(2) the selection stage and, (3) the retention stage. As various ideas and practices 
evolved within different parts of the organisation some tasks are chosen over others as 
being more effective. The tasks that survive are retained and become part of the 
organisational stracture. An hnportant aspect to note is tha.t this is a continuous process 
that seems to evolve m isolation to other developing practices. 
The population-ecology model states that as the organisation evolves it fills niches 
within the stracture that the organisation was unaware of The original purpose for 
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which the organisation was formed has been fulfilled plus some other niche that was 
previously not envisaged. This therefore leads to die likelihood of undiscovered niches 
suggesthig that organisations will contmue to evolve. Examples of niches being filled 
and evolvmg with the organisation are fast-food restaurants and the conglomerate 
organisation, where a group of unrelated hidustries are grouped togetiier under one 
ownership. Thus the fast-food restaurant originally designed to fill the gap hi a 
particular locality now fulfils the need to obtain the exact same meal at various different 
locations. This need was not originally foreseen and was not why the organisation was 
created but a niche that h has 'evolved' to fulfil. Similarly, the conglomerate that may 
have started out as one organisation in one market now operates through its sister 
compaiues hi several markets thus fiilfiUmg a niche that had not origmally been 
contemplated. Arguments agahist this theory come from Van De Ven (1979) vvho states 
that it rehes too much upon biological sciences, perfect competition and the absence of 
human decision making. 
The resource-dependence model 
Tfris is an alternative model that brings organisational decisions and actions back mto 
consideration (Aldrich and Pfefifer 1976, Pfeffer, et al 1978). The basic premise is that 
decisions are made withm the hitemal political context of organisations. Organisations 
attempt to actively deal with the environment. Organisations will try and manipulate the 
environment rather than being passive recipients of environmental forces. The role of 
management is vital m this process, to decide on the ^propriate course of actioa One 
of the underlinmg principles is that no one organisation is able to generate all of the 
various resources that it needs. Similarly, not every possible activity can be performed 
within an organisation to make it self-sustaining. Both of these conditions mean that the 
organisation must be dependent on the envhonment for resources. This is where the 
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notion of resource-dependence comes from, the rehance upon the environment and 
other organisations to meet the organisation's needs. A key element to this model is that 
there is a strategic choice between a set of altematives giving the orgarusation the power 
to choose and change. 
The resource-dependence model suggests that orgarusations are attempting to be active 
in. theh envhpimients. This is. supposed .to account for the difierent types of 
organisations smce variations are the resuh of conscious, plarmed responses to the 
enviromnental contingencies. Organisations attempt to absorb iaterdependence and 
uncertainty, either completely, or through mergers or partially through co-operatiorL 
The rational contingency model 
Both of the previous models ignore goals. As we have seen, organisations are created to 
cany out a task or goal Lehman (1988) states that organisations have conflicting goals 
with conflicting priorities. This model views orgarusations as attempting to deal with 
their goals and their envhonments with the reaUsation that there is no best way. Burt 
(1983) looked at corporate philanthropy and came to the conclusion that companies with 
individuals as customers gave more than those with corporate chents. His reason was 
that organisations with individual clients saw charity as a way of improvmg the pubhc's 
perception of them and thus increashig theh sales. The conflict was that in order to gain 
additional revenue the organisation had to give some of its revenue away. Langston 
(1984) looked at the pottery industry, which had mamtained bureaucratic elements 
within its stracture because these increased profitability. By having a bureaucratic 
process of quahty control the finished product could. be sold at a higher price. 
Presumably the favourable option was for a non-bureaucracy orgaiusation but this 
conflicted with the goal of profit maximisation. Thus, it can be seen that in order to 
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pursue, certain goals it is sometimes necessary to cany out tasks that seem in contrast to 
the set goals. 
The transaction-cost model 
This model has developed from economics and is based largely on the work of 
-Williamson (1975, 1981 and 1985) and Wilhamson and Ouchi (1981). Organisations 
aire seen as the response to uncertain enviroiunents. Originally there was the sole frader 
but as time passed more people were needed to meet increased demand, leading to the 
birth of larger organisations. Organisations estabUsh a chain of command that morutors 
procedures and ensures that costs are kept witbin budgets, hidividuals' behaviour is 
according to their contract, and the extemal environment (e.g. govemment, banks and 
other organisations) is kept to its contractual obligations. This hierarchy of the 
organisation forms the stracture of the organisation and monitors through dhect 
supervision, auditmg and ofrier control methods. As whh all theories it has its critics and 
supporters. Eccles and White (1988) agree that economists and sociologists need to 
work together m understanding organisations and have hicorporated both elements 
withhi their work. Lazerson (1988) m his study of small Itahan firms found that 
Wilhamson's argument did not help elucidate upon the situation which he found in 
Itahan busmesses, viz. that they were creating wholly owned subsidiaries which placed 
additional rehance upon the market place. This mcreased dependence was therefore in 
contrast to WUliamson's assumption of protection of uncertain markets. 
Institutional model 
Accordmg to this perspective, organisations are increasmgly homogeneous within thehr 
own fields. Thus, public univershies acqmre a sameness, as do department stores, 
airline, professional orgarusations and even footbaU teams. DiMaggio and Powell 
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(1983) cite three reasons for this; 
(1) There are coercive forces from the envhonment, such as govemment regulations and 
cultural expectations, which can impose standardisation on organisations, e.g. health 
standards for restaurants. 
(2) Organisations tend to mimic each other. In the late nmeteenth centuiy hi Japans law 
courts, the. postal system, military organisations and banking institutions were all 
modelled on westem systems. Prokesh (1985) says that understandmg the 
competition is the essence of the 'strategic game'. 
(3) Normative pressures from similar workforces and managers. As people become 
more professional they participate in extemal organisations, or professional bodies, 
and gradually theh ideas become similar. Eventually, managers in competing 
organisations reflect the same attitudes towards organisational stmcture. 
Thus, the institutional perspective model views organisational design not as a rational 
process existing withhi a vacuum but rather one of both extemal and intemal pressures 
which lead organisations in a similar field to resemble each other over time. 
4.7 Conclusion 
The question that still remains unanswered is whether organisational stracture has an 
hifluence on the efiBciency of an organisation. This question caimot be answered 
completely until all the evidence is accumulated, but what can be leamt from this 
chapter is that stractures dififer in complexity and each category has it advantages and 
disadvantages. It is a generaUy held layman's belief that less bureaucracy in an 
organisation should reduce the operating cost. However, this conflicts with the 
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assumption that standardisation of procedures leads to greater eflficiency. and there are 
obviously situations where one organisation is more appropriate. The key points that 
need to be considered when adopting a certain structure are the size of the company and 
the tasks at hand. This research will go on to look at what stractures operate within ports 
and attempt to identify the most efficient method for this type of busmess. In order to do 
this the next chapter will look at designmg a conceptual model of the port industry.. 
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Chapter 5 Conceptual model 
5.1 Introduction 
This research aims to assess port efficiency and compare the results by organisational 
and ownership stmctures. To aid in the comparison of ports this chapter will set out to 
design an appropriate model in order to test the hypotheses mentioned earlier in chapter 
one. Following on from this, the next stage will be to adopt a method by which to 
measure efficiency and then to place the results' values into the conceptual model to test 
whether the organisational and ownership sfructures are uifluencmg factors upon port 
efficiency. This will then enable at a glance to see which type of port stmcture, if any, is 
the most efficient. 
5.2 Conceptual model development 
The word model comes from the Latm modulus, meaning a small measure of 
something. It has come to mean m science a miruature representation of reality. A 
model is a description or analogy to help understand something usually unseen and/or 
more complex (Graziano and Raulin 1997). Model biulding.has been an mtegral part of 
social sciences for a long thne. Model building has been accentuated and accelerated by 
many forces m contemporary hfe. A model can be viewed as a likeness to somethmg in 
the real world. In social science a model is an absfract from reality that orders and 
shnplifies making a view of reality by representing its essential characteristics. 
Models are used to help us understand the workings of the subject bemg studied and the 
environment hi which it operates. By using a model it is possible to test certahi 
hypotheses. Scientists usmg models may study different phenomena sometimes leadmg 
to the solution of practical problems or the discovery of other phenomena that may exist 
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within the conceptof the model Models organise observations and mferences leadmg to 
a prediction or explanation of the observed phenomena They work by statmg a 
relationship that is believed to exist between two or more variables. In the case of a 
model aeroplane one can test a model to detemune 'drag factor' hi a vmd tunnel In 
social science we can tum our study of the envhonment into a model and test v^ hether 
the relationship between certain piarts has an effect upon others e.g. mput to output. 
All models share the follovmg characteristics: 
1. Models are constmcted representations of parts of the real universe, which have 
pohit-to-point correspondence with some of the characteristics of the reahty 
being represented. 
2. Models provide a convenient, manageable, and compact presentation of the 
larger, complex and mostly unknown reahty. 
3. Models are incomplete, tentative and analogical 
(Graziano and Rauhn 1997) 
As mentioned earlier this chapter sets out to build a model of theport environment for 
the purpose of this research. Its aim is to clarify the topic bemg researched by 
comparing ports by theh: organisational and ownership structures. The concept bemg 
looked at is efificiency m relation to both ownership and organisational stmctures. 
5.3 Concept 
A concept is a basic idea It is an idea that is generally abstract and universal rather than 
concrete and specific. It is basic hi the sense that it carmot be easUy elucidated hi terms 
of other ideas or equated to other ideas. In terms of ideas, then, a concept is a basic 
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building block that captures the essence of a thmg. It is an abstraction, a symbol, a 
representation of an object or one of its properties, or of a behavioural phenomenon. 
Concepts serve a number of important functions in social science research. Fhst, they 
are the foimdations of commuiucatioa Without an agreed set of concepts scientists 
could not conimunicate their JSndmgs or rephcate each other's studies. It enables 
concepts such as, 'power', 'bureaucracy' and 'intelhgence' to be discussed without the 
necessity of definmg theh exact meaning. Secondly, concepts mtroduce a perspective. 
'Through scientific conceptuahzation the perceptual world is given an order and 
coherence that could not be perceived before conceptualization" (Denzhi 1989). 
Thirdly, concepts aUow scientists to classify, categorise, order and generahse their 
experiences. As example of this, whilst we may not know the mchvidual characteristics 
of the oak, pine, spmce, fir and palm we are able to grasp theh resemblance via the 
concept of'tree' (Frankfort-Nachmias and Nachmias 1999). Fourthly, concepts serve as 
components of theories and thus explanations and predictions. 
This thesis is looking at the concepts of ovmership and organisational structures as well 
as efficiency to see -wiiether there is a correlation between them 
5.4 Conceptual models 
Conceptual models are either expressed diagrammatically, verbally anci^ or in a 
mathematical language. A mathematical example would be the mathematical model of 
the Pohsh bom mathematician and astronomer Copernicus for the movement of the 
solar system A chagrammatical approach would be the commonly recognised map of 
the solar system, which shows on a flat surface the sun at the centre with all the planets 
orbiting it Conceptual models enable hypotheses to be apphed and tested. In this study 
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weshall use a diagrammatical model to visualise the port hidustry. 
Theorismg can be defined as the process of providmg explanations and predictions of 
social phenomena, generally by relating the subject of mterest to other phenomena 
(Bailey 1987). In the development of theories models are used as a steppmg-stone. 
Models are not a reconstmction of reality but rather an analogical representation. They 
organise existmg information and are somewhat less deyeloped than a theoiy, so that 
they are therefore sometimes known as 'mini-theories'. Not aU theories are correct and 
it is often only a matter of time before they are disproved. Graziano and Raulm (1997) 
cite Newtonian mechaiucs and Einstein's general theory of relativity. Newton described 
how all objects fall at the same speed whereas Einstein in his theory looked at what 
happens when objects travelled close to the speed of light and achieved different results. 
Despite bemg proved incorrect Newton's laws are sthl taught today because they are 
more practical m the real world since few everyday objects travel at the speed of hght. 
5.5 Conceptual model applied to ports 
Because the theory of organisational and ownership stmctures are abstiact to the daUy 
operation of ports, in order to clarify matters, it is necessary to look at models that 
incorporate these concepts of organisational and ownership stractures. In order to see 
how the stracture of the port can affect the efiBciency. of its operation the designing of 
models is imperative. The benefit that a conceptud model has to this particular research 
is that it enables a visuahsation of various ports to be categorised and placed together 
accordmg to theh: similarhies on one smgle page. Ports that do not fit mto the defined 
categories enable the researcher to develop further ideas by adaptmg the model and 
devising theories to take account of differences and previously unforeseen eventualities. 
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The primary purpose' of this research is to show whether the organisational and 
ownership stracture has an influence upon the efihciency of ports. Roe (1999), in 
lookmg at the newly privatised subsidiaries of the state-owned Pohsh Ocean Lmes, 
observed that there was a deshe to avoid bemg controlled by the parent company and to 
change the organisational stracture soon after privatisation as a means of confirming 
that changes had been made to the company. As mentioned-earlier hi chapter .three Cass 
(1996) in his study of world port privatisation concluded that they were ordy really three 
types of port ownership, pubhc, private or jomt public/private. Of these three different 
types of ownership stiiictures Boardman and Vinning (1989) found that different types 
of ownership stracture, the state owned enterprises and joint public/private compaiues 
performed substantially worse that shnilar private companies. The port industry has a 
nuxture of all these public, private and joint pubhc/private companies. Boardman and 
'Vhining (1989) concluded that there were performance differences between pubhc and 
private companies in competitive envhormients and that where there was a partial 
privatisation the performance was sometimes worse than either the public or private 
enterprise. They claimed that conflicthig ideologies between the two different o^ vners 
caused 'cognitive dissonance'. Cognitive dissonance was a concept of Festmger (1957) 
who gave the name to situations where people sought to justify beliefs they knew to be 
not trae in order to promote some other cause. 
However, Bos (1991) looked at what Tandon (1997) called the "survey of all the 
surveys" on the efBciency of public and private firms and came to the opiiuon that the 
findings of Boardman and Vinnmg (1989) were duectly opposite to those of a previous 
study by Borcherdmg et al (1982). Tandon's (1997) explanation of these apparent 
corrflictmg views relies not upon the ownership stracture but upon the market conditions 
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in which the conpanies operate. Private firms are hkely to be in a more compethive 
envkonment and thus more m tune with the need to be efficient than pubUc enterprises 
that perhaps operate m a restrictive envirormient. He argues that in studies involvmg 
pubUc and private firms in the same bushiess, such as ahliues, some private aklmes are 
more profitable but on balance there is little difference. This research ahns to see 
whether this is the case for ports. 
Ferrier (1995) states that the theoretical literature on property rights suggests that 
differences in the rights of ownership will have impUcations on the operational 
efficiency of the decision making uruts. Ferrier (1995) compares private enterprises with 
co-operatives stating that that whilst they may be both privately owned they have 
different goals. Private ownership is usually concemed with makmg a profit and the 
owners have no particular aUegiance to buy theh own products. In contiast co­
operatives, which can be compared to muoicipal ports, are controUed by members who 
have an obligation to patronise them and serve the other members before the 
requhrement to make a profit. Thus, whUst both may have a goal to make a profit, co­
operatives or municipalities have also a prior requuement, namely to serve the 
ownership. Other differences arise in terms of decision makmg. Co-operatives usually 
operate on a one member one vote system whereas private firms allocate votes 
according to the number of shares owned, and profits are divided up this way too. The 
right to seU one's proprietary right is also more arduous m co-operatives. All these 
differences Ferrier (1995) argues could have an effect upon the efficiency of the firms. 
However, hi his actual research using Data Envelopment Analysis and involvmg 28 
proprietary businesses and 28 co-operatives he did not fiind that the co-operatives were 
disadvantaged by their attenuated property rights. 
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Caves et al (1982) in looking at United States private railways and Canadian public 
railways- concluded the Canadian public firms were more efficient. Fare et al (1985)-
found that public electric utilities had higher overaU efficiency measures than private 
utihties. Tandon (1997) states that the process of identifymg which is more efficient 
depends upon disentangling ownership from the effects of deregulation and 
compethion. Freeh (1980) m lookmg at the role of property rights withhi the firm 
suggests that if the ownership stmcture is attenuated this leads to lower firm wealth and 
more non-pecuniary benefits. Thus, privatisation, by shortening the ovraership stracture, 
should have an opposing effect. Likewise the organisational stracture should also play a 
significant role by suggestmg that simple stractures be mherently more efficient than the 
more complex machine bureaucracy and divisional stractures. De Alessi (1980) states 
that not only are govemment firms less efficient but are also less successfid m satisfying 
the consumer's needs. Thus, efficiency of ports owned m a variety of ways needs to be 
measured and applied to a conceptual model m order to test these notions. 
Govemments view ports as part of the national defence stracture, for without ports h 
becomes difficult if not hnpossible to import the raw materials for industry or export the 
finished goods. Ports are thus an essential element vital to the supply of goods 
especially during warthne. Durmg the second world war Britain rehed heavily upon hs 
ports to import the food necessary to sustam the country as well as the materials to re­
arm its armies and repress hostile forces. Govemments, wMe seemingly -wishhig to 
remain distant hi the public eye from any decisions made by a port, nevertheless 
moiutor the activities that may lead to a national crisis. For these reasons h is necessary 
to include the govemment hi any analysis. 
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In designing a conceptual model foi: ports the role that the Govemment plays withhi the 
hidustry has been incorporated to hold a position at the top of the model to reflect the 
real role that it has to play within the port mdustry. This relates to mfluences from the 
govemment as direct owners of the port or, as the instigators of national 
legislation/pohcy which has an effect ehher dhectly or indirectly upon the activities of 
the port or that of its users. Those ports that are nationalise4 municipally owned or 
partially privatised will be strongly influenced by national govemment. As can be seen 
from Figure 5.1, the govemment is assumed to influence the whole industry. 
Figure 5.1 The port environment as pertaining to organisational structure theoiy 
(Source: Author 2001) 
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Heikkila:(1990) says most nations explicitly view their ports as a national resource to be 
used for the betterment of theh chtzens. It is because of this notion that many portshave' 
remained until recently in the hands of govemments. Even though today govemments 
may like to advocate the mdependence of theh ports, no port or company may truly 
operate for long a pohcy that is contrary to the prevailing govermnent's notion of what 
it shotdd be-domg. Although managers rnay in theory be jQree from dhect day to day 
govenunent intervention the reality is that govemments are never fer away. The 
difference for ports is that their assets are largely tangible and fixed makmg them 
vulnerable to bemg taken over in times of political upheaval. This can been seen in 
West Africa where the rulmg govenunent is usually the one that controls the ah: and 
seaports. 
The concepmal model in Figure 5.1 represents the concept of port organisational 
stmcture. The theoiy of organisational stmcture was discussed in detail in chapter four. 
The category labelled 'users' consists of the local envhronment and those organisations 
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that use the port, viz. shipowners, managers, agents, stevedores, termmal operators or 
the providers of other fecilhies such as warehousmg. All these will be affected by 
govemment decisions, and that of the port, as well as having an mfluence upon the 
decisions made by the port itself whether it be municipal decisions or those of the 
private company who control the port fimctions. 
Bahd (1997) looked at the privatisation of ports and found that there were three mam 
elements of a port that could be privatised. Cass (1996) in his study of world ports 
agreed that ports are public, private or jointly owned. 
I l l 
Mmtzberg (1979) looked at organisational stmctures and reached the conclusion that 
there are essentially five different types of organisational stracture: shnple, machhie 
bureaucracy, professional bureaucracy, divisional and adhocracy. These have all been 
discussed earlier hi chapter four. As far as ports are concemed only three of these seem 
to fit mto the modem day port stractiire. Fhst let us consider the options that do not fit. 
The adhocracy does not fit hito the stracture of any port because of its lack of rigidity. 
Suitable for software companies and film producers, its role within a port would likely 
lead to chaos. Ports require carefiil planning and development based upon what may be 
needed 10 or 20 years into the fiiture. Without the rigidity of a formal stracture each 
element in the chain would not know the whole picture, only the person at the top may 
see everything. Likewise the professional bureaucracy is not suitable in a port because 
of the routine and repetitive tasks that are commonplace withm a port's day to day 
service. As mentioned earlier hi chapter four the professional bureaucracy is typical of 
industries that requhe highly professional people to perform routine tasks in an 
unsupervised manner such as lawyers and accoimtants. Whilst professional people are 
requhed hi certahi areas and quahfied personnel needed to operate expensive and 
dangerous machinery, a professional bureaucracy would not be appropriate. This leaves 
us with the three remainhig stractures that are prevalent m the port industiy, viz. simple 
stracture, machine bureaucracy and divisional. 
The port area within Figure 5.1 is chvided mto three disthict types of organisational 
stracture as described hi chapter four. The first, machine bureaucracy is found m 
modem day Chilean ports "and the 'corporatisation process' that is present in South 
Africa and Singapore. These represent the pubUcly owned port. Corporatisation in effect 
refers to a public concem that is due to be privatised within the near fiiture, and is 
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commbhly the stage before privatisation. The port body is shnilar to corporatisation in 
that they are pubUc owned enterprises. Another type of port ownershijp is the joint 
public/private venture. Withhi this type of ownership is the municipal owner, as found 
m Portsmouth and the Port of London Authority. The thfrd type of port ownership is the 
simple stracture, that of the wholly-owned private company. This relates to the smgly 
owned private port such as Boston, U K 
The simple stmcture as mentioned in chapter four is the most flexible, allowmg separate 
divisions/departments to report direct to the top decision-maker. As the name suggests it 
is usuaUy the fhst stage of evolution in a company, hi the conceptual model this has 
been chosen as the best description of a private port owner. This stracture by its 
shnplicity is therefore hkely to be the most efficient. 
The machine bureaucracy is characterised by its many departments reportmg up a chain 
of command to a Ime manager before reporthig to the top decision-maker. Because the 
decision making has to foUow a long process before it reaches the top, decisions tend to 
be slower. These stractures tend to be found hi government-owned enterprises and 
hence the inclusion of port bodies and ports which are in the corporatisation process 
withhi this category. 
The divisional stracture occurs when companies operate over large geographical 
distances; Each department has to report to a regional office that in tum reports to a 
select group of managers before mformation is passed to the top decision-maker. This 
stracture can be best seen in the municipal ports of the UK and the port societies of 
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Colombia Theses divisional stmcmres tend to operate where there are johit 
public/private enterprises or where conglomerates own the port. 
The problem with this conceptual model is that h is difficuh ha reality to fit some 
organisations into the categories into which logically they would appear to fall. An 
example is Associated British Ports (ABP) which is a private British company that was 
conceived at the time the former British Transport Docks Board ceased to be a national 
company. ABP would appear to fell into the simple model, however, ABP operate 23 
ports which they organise mto a divisional stmctxu-e consistmg of five regions. 
Let us also consider the example of Singapore that is presently in a corporatisation 
stage, the process adopted by some countries as a stepping-stone to privatisation. 
According to the conceptual model Singapore falls with the machine bureaucracy 
category. The Port of Smgapore Authority (PSA) no longer manages just the port of 
Smgapore but has interests in China, Italy, Portugal, Yemen etc but these ports are not 
corporatised. However, m South Africa several ports have been corporatised into one 
body, notably because they fall within one jurisdiction. 
To label a port such as Singapore as a machhie bureaucracy vrill no doubt cause 
contention within its management. Indeed the term machine bureaucracy tends to denote 
in a coUoquial way a rather old fashioned and meflBcient stracture, yet the port of 
Singapore rates as the largest hi the world in terms of container throughput with figures 
that consistently year afl;er year compare with its strong and next biggest compethor 
Hong Kong. The term 'bureaucracy' originated hi France chca 1818 and is defined by 
Webster's dictionary as foUows: 
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1. a: abody of non-elective govemment ofiBcials 
b: an administrative policy-making group 
2. govermnent characterized by specialization of fimctions, adherence to fixed rules, 
and a hierarchy of authority 
3. a system of admmistration marked by oflScialism, red tape, and proliferation 
Thus the term is less of a derogatory label and more of a system marked by pronormced 
procedures and regulations with the regularity and functionahty of a clockwork 
machine. 
Thus from this conceptual model we must conclude that the real world does not fit 
neatly into the categorisations as laid down m organisational theory. Therefore a new 
model has to be deyised that takes into accoimt varying organisational stractures that 
occur within ports. This is therefore taken into consideration in Figure 5.2. 
Figure 5.2 with its adjoining arrows now aUows for a more complex set of stractures, 
such as the corporatisation of South African ports and the private company of ABP to 
shnply be reclassified under the divisional stractiue. 
The models within Figure 5.1 and Figure 5.2 take into account the organisational 
stractiure of the port. However, they do not show the ownership stracture. Thus, we see 
from the above that the conceptual model needs to be defined ftuther so that the varymg 
patterns of ownership among ports can be apphed. 
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Figure 5.2 The organisational structure with adjoining links between categories 
Users 
(Source: Author 2001) 
There are of course many different combinations of port ownership. At one end of the 
scale Cass (1996) and Heikkila (1990) both state the examples of the United States 
where the municipal authority plays a major part in the operation of the port. Here ports 
compete against other ports along the coast for bushiess. However, at the other end of 
the scale is Taiwan where the administration of the ports is centraUsed nationally. 
Figure 5.3 shows this development. 
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Figure 5.3 Organisational structure and ownership, structure 
Users 
(Source: Aiithor 2001) 
The conceptual model, as shown hi Figure 5.3, now shows the ownership strurture as 
weU are the organisational stmcture of ports. The next stage in the development of the 
conceptual model is to see whether actual ports can be placed within it. 
The ports chosen to be mcluded into this model are those of mahily the United 
Kingdom, South America and a few European ports. The reason for this is that the UK 
and Europe represent a mature port privatisation market whereas Latm America is an 
emerging port privatisation sector. As noted earher hi Table 3.1 and Figure 3.3 Latin 
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America accounts for almost half of the total port projects with private participation in 
developmg countries during the period 1990-98. 
Figure 5.4 Organisational structure applied to world ports 
(Source: Author 2001) 
this therefore gives a representative sample of the enthe port mdustry smce hicluding 
ah ports is not possible withm the confines of one diagram These ports combined with 
several other prominent ports from around the world enable a broad spectrum of port 
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structures to. be incorporated and thereby test that the model can be practically applied 
to the real world. 
An interestmg feature that has become apparent when develophig the model is the 
overlappmg areas ha Figure 5.4. Take for example the area encon^asshig part of the 
private shnple stmcture and the public/private divisional stmdured labelled the 'Private 
divisional' area. 
This could also be called the public/private simple area and could include those ports 
that were owned johitly between private haterests and municipal govemment with a 
simple structure, such as "one port companies" e.g. Portsmouth or the Port of London 
Authority (PLA). Also take for example the area between the private shnple stracture 
and the pubhc bmeaucracy called the 'pubhc simple stracture'. This could be termed the 
private bureaucracy hacluding privately owned ports of a conglomerate such as ABP or 
Hutchison Whampoa. Likewise the area between the public bureaucracy and the 
public/private divisional stracture caUed the 'public divisional' coidd be called the 
public/private bureaucracy. Not all ports will fit obviously into any category. The model 
is open to interpretation and imcertahity can arise as to where particular ports are to be 
placed. 
Fhially, a model was developed ushig an expanded version of Figure 5.4, shown in 
Figure 5.5. This version mserts a fiirther circle around the centre thereby separathag the 
previous over-lapping segments hato two and increasing the categorisations of port types 
from seven to ten. This new categorisation is not ideal as some companies may fall into 
two categories. An example is ABP who, depending on the view taken, is m the private 
divisional or the newly formed private bureaucracy. For this particular case the research 
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assumes that it resembles a private bureaucracy smce it operates a complicated 
aggregate of ports. 
Figure 5.5 Ownerstiip and organisational stnicture applied to ports 
(Source: Author 2001) 
5.6 Conclusion 
This chapter has set out to design a conceptual model of the port industry. Startmg from 
a model of the port industry using organisational theory the model has been developed 
to hiclude ownership stmcture and has been apphed to real ports. The conclusion 
reached by this work is that the organisational stmcture of ports varies considerably 
throughorit the world makmg it difficult to place certain ports mto specific Categories. 
The process of categorising ports is also arduous smce the categorisation method 
designed by Mmtzberg (1979) and discussed m chapter four may cause some parties to 
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reject the model enthrely. However, usmg Mmtzberg (1979) as a startmg pomt ft has 
been possible to devise a model of organisational theory with ownership stracture 
apphcable to ports. This end resuh can be seen hi Figure 5.5 and contains several 
categorisation methods to account for all ports. These types are summarised hi Table 
5.1. 
Table 5.1 Categories of port structures 
Private variations Public variations Private/PubUc 
variations 
Private simple stracture Public shnple stracture Private/Pubhc 
Simple stractihe 
Private divisional Pubhc divisional Public/Private 
divisional 
Private bureaucracy Public bureaucracy Privata(Pubhc 
bureaucracy 
Mixed Pubhc/Private/Municipal 
(Source: Author 2001) 
The labellmg of the different categories has it origins in organisational theory and was 
discussed in detaU in chapter four. 
The relationship between both the stracture of the organisation and its ownership has a 
dhect mfluence on the decisions made by the company. This is therefore seen as a major 
input with the output bemg efficiency. This research as a whole will set out to estabhsh 
whether the input fimctions have a bearing upon the final output, namely does stracture, 
whether based on organisational type or ownership, affect efficiency. The results so far 
mdicate that it does (Valentine and Gray 2001 see Appendhc HI). This has been fiuther 
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compounded by other research such as Boardman and Vhmmg (1989). An example 
the conceptual model testedon a sample of ports can be seen hi Appendk IV. 
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Chapter 6 Methodology 
6.1 Introduction 
Given that the aim of this research is to test whether ownership and organisational 
stmctures have an effect upon efBciency it is necessary to collect data to test efficiency. 
This chapter explams the methodology chosen to gather the necessary data 
6.2 Boundary of data collection 
hi order to coUect data on ports and test them usmg the concepmal model it was fhst 
necessary to establish the boundaries of the researcL This parameter can be seen clearly 
hi Figure 6.1. Fahplay publication keeps a database on the address and particulars of 
over 4,500 ports world-wide. To hiclude all of these would be beyond the scope of this 
research, not to mention of questionable value. 
Figure 6.1 Distribution of TEU throughput amongst the top 100 container ports 
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(Source: Author 2001) 
As in most advanced industries there are a few companies that dominate the market, 
known as market leaders they control a significant market share of the available 
bushiess. Container ports are no exception with the top 15 ports controUing over 50% of 
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the world contamer traffic. Figure 6.1 shows how contamer throughput is distributed 
within the top 100 contahier ports. The disparity between those at the top and those 
lower down is highlighted when it is noted that the top 5 container ports have a market 
share of over 30% of the available bushiess. To hlustrate this further, the world's 
number one port in terms of contahier throughput, Smgapore, handles around 15m 
TEUs whereas number 100 on the list, Veracruz,- handles around 0,4m TEUs. The 
difference between numbers one (Singapore) and two (Hong Kong) of the top 100 
container ports is separated by a mere half a million containers. Number three on the 
other hand, Kaohsiung, handles less than half of the previous two with around 6m 
TEUs. The rate of decline m the number of containers passmg through a port reduces at 
a constant rate from position three until poshion 15 which is Gioia Tauro with a 
throughput of around 2m TEUs. Gioia Tauro was designed from scratch in the mid 
1990's and its rise to a position of 15* in such a short time is a remarkable achievement 
From the 16**" position through to position 100 the slope is more gradual This hidicates 
that there are 85 ports whose TEU throughput is within 1.5m TEUs of each other. 
The definition of a contahier port is open to questioa Obviously it includes ports which 
handle contahier traflfic, but there is a big difference between the port which receives a 
feeder vessel or barge carrymg a couple of containers a year and the giants like 
Smgapore which handle over 40,000 TEUs per day. Therefore by limiting this research 
to the top 100 container ports it can be seen that all of the worlds' important container 
ports are mcluded as well as those m positions enable of makmg a challenge for the 
'top poshion'. Those ports that only have a very minor role to play in world contahier 
traffic are thus excluded from the population. 
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With the population sample set at 100 the data was collected from a variety of sources 
with a view to augmenting the response rate from the defined population and to ensure 
an accurate reflection of reality. 
6.3 Choosing what data to collect 
Van Niekerk (2000) states that because of the complexity of ports not even the inputs 
and outputs can be easily defined and applied to seemingly homogeneous ports. 
However, this problem can to some extent be overcome by usmg multiple mputs and 
outputs. Therefore a method of testing efficiency has to be used which takes several 
variables into account m its calculation of efliciency, thus enablmg comparisons to be 
made with other ports. 
For the purpose of this research the output variables to measure the eflSciency of a port 
will be contamer throughput and total throughput. Container throughput is used since 
this represents the fimdamental transport vinit of a container port and thus can be used as 
a homogeneous item for comparison between ports. The reason that the total throughput 
figure is bemg used is because it gives the exact output of the port, again, as a smgle 
homogeneous figure that represents all of the cargo fransported. It is also a figure used 
by all ports to measme the level of bushiess transacted. It means that the number of 
containers and amount of bulk cargo transhipped are converted to a universally accepted 
cargo throughput figure to enable comparisons of size. By using total throughput 
consideration is also given to a port's activities other than contahiers. 
Marx (1970) in his freatise on the nature of class and its relationship to the means of 
production hsted three fimdamental aspects of modem capitalism, which are land, 
labour and caphal. These three elements represent the essential components of modem 
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compames. Thus in order to compare companies it makes sense to analyse these 
ubiquitous elements. In terms of ports land can be said to be the area owned .by the port, 
labour the number of employees and capital, the net assets of the port. Thus bearing this 
in mind it was origmally thought necessary to include profit and the net assets of the 
port mto the equation, smce ithis is the end factor that all ports hope to achieve. 
However, a prehmmaiy study conducted by the author found that these figures were 
invariably only available for ports that were pubhcly owned or hsted on a stock market, 
and hi the latter case could not necessarily be athibuted to specific ports where the 
owner was a conglomerate. 
Manpower, bemg second on the hst, was also a factor originally thought worthy of 
mclusion. As ports become privatised they tend to reduce theh number of employees to 
more profitable levels. However, with some ports that were owned by jomt public and 
private comparues the mformation was difficidt to ascertahi. A port authority may 
openly state that it employs, say 100 people, but withhi the port there could be several 
termmals each employing another 100 persons each, thus making a comparison bet\veen 
some ports unfair. For example the port of Melboume which has a throughput of around 
42m metric tons states it employs 81 persoimel and Mumbai with a throughput of 30m 
metric tons employs over 24,000 personnel. Clearly such a discrepancy between these 
two figures reveals that there must be a difference hi the way the figures are computed 
since they suggest that it takes over 400 people hi India to do the same as one person in 
Australia Although it could be argued that there may be a higher use of equipment in 
the more industrial Australia, this factor alone woidd seem inadequate as an explanation 
m hself A more likely explanation may be based on the different types of port 
privatisation and the reforms that usually accompany it ShashUcumar (1998) states that 
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one of the characteristics of privatisation m hidia is the lack of intention to alter 
antiquated labour laws. With a population in excess of one bilhon people, second only 
to China, it is easy to understand why politicians may be reluctant to adopt a labour 
reform process. 
Regarding land, the total area of ports is calculated differently by dififerent ports. Some 
ports choose to hiclude the area of water encompassmg the port's boundaries whilst 
others use solely the land. Thus in order to overcome this lack of contmuity withhi the 
industry hi calculatmg land and labour the author decided to use quay length, both 
contahier and overall quay lengdi, commonly referred to as 'quayage'. "Most 
commentators agree that quay length and productivity of the use of quay length is the 
mahi determmant of capacity" (DTLR 2001). By comparing the capacity that a port has 
available for throughput with the actual throughput, a good determmant of overall 
efficiency is obtained. As ports actually earn their revenues from movements across the 
quay, it is the number of moves and the extent to which the quay is being used that tend 
to concentrate management's attention. Quay length is more difficult to change, 
whereas storage capacity and inland transport capacity are more easily expanded. Thus 
m summary the input of length of contahier quay will be compared agamst the output of 
container throughput and total quayage against total throughput 
6.4 Method of data collection 
After deciding what data to collect it is then that the choice is made of how to go about 
collecting the data The method of data collection adopted in this research first called 
for the drafting of a questionnahe. A pilot survey was then conducted to determme its 
suitabihty. The main item that became apparent was the tendency for respondents to 
refer the researcher to their website and then mtimate that if there were still questions 
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unanswered that further correspoiidence could be exchanged. Whilst this was 
understandable given that the respondents were bemg asked to perform a request outside 
their normal working duties, this problem needed to be addressed if answers were to be 
obtamed m an expedient manner. It was therefore feh necessary to first review the 
website of the addressee before sending the questionnahe and indicatmg withhi the 
questionnahe that this had been dorie. If answers were found withhi the website then the 
correspondmg questions would be omitted from the questionnahe. This meant that the 
questionnaire had to be adapted to suit the need of the respondent rather than the 
traditional questiormahe approach of draft, send and wait for the answers to 'roll in'. 
The response rate from an email was also usually overnight however hi some cases e.g. 
Le Havre where an mitial enquiry m April 2000 foUowmg a face to face meetmg with 
the person concemed produced the deshed response by August 2000 with several 
reminders in-betweea 
Further minor problems include to whom to address the questiormahe as weU as 
decidmg what to mclude. Usually most ports have a marketing department that holds all 
the necessary statistics on the port hi order to compare efficiencies such as throughput 
and size of the port. However because the sample chosen is the top 100 contahier ports, 
by adoptmg a questionnaire approach it was felt that the anticipated 20-30% response 
rate, or 20-30 ports, would be too small to make firm conclusions about the whole 
mdustry. 
The chosen method for collecting data was one that was proactive in nature from the 
outset, as opposed to other methods that wait for responses to arrive. This method 
entailed searching various sources, including web sites belonging to each of the ports 
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within the study, analysing the mformation and consuhhig with numerous pubhcations. 
Where individual port web sites were not available other shes which contained 
databases were consulted, e.g. European Sea Ports Organisation (wmv.ESPO.be). 
Various problems were encountered m the collection of data The port of Hawaii, 
ranked 34*^  m the top 100 contahier ports is m fact a collective of smaller ports located 
on different islands. The main port is Honolulu with a total berth length of7726 metres 
and total throughput of 6,464,909 metric tons. Next is the port of Hho, one-tenth the 
size of Honolulu with 742m of berth space and throughput of 100,330mt. Thkd is the 
port of Kahului with a berth length of 734m and throughput of 2,398mt. Thus when 
lookmg for data on the port of Hawaii these three other ports must be taken mto 
consideratioa Hawaii is not the only port to gather together a collection of smaller 
ports; Marseilles also consists of eight other smaller ports, which in tum is similar to 
Tokyo. Thus, the orighial search for 100 ports has grown making the task more 
complicated. 
The description 'container berth' was sometimes ambiguous in the coUection of data on 
the size of contahier berths. Whilst the meaning is a specific berth aUocated for the use 
of vessels carrying contahiers, some ports did not have a specific berth for this purpose. 
An example is the port of Miami, which, according to Fahplay World Shipping 
Encyclopaedia, does not hst the size or number of contahier berths though it does hst 
passenger berths. It does however state the length of berths at which gantry cranes are 
available and, smce these are used to discharge containers firom container ships, the 
author feh that this figure should be included as container berth length. Other ports such 
as Marseilles hiclude the ship repah: berth withhi the total length of the port whereas 
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some other ports kept this separate. Thus the container berth'length is not an exact 
science and neither is the total quayage figure. 
A possible method of data collection was to perform a questionnahe approach whereby 
each port would be approached mdividually and asked to provide answers to a set of 
questions, i.e. a closed questionnaire. This method would then enable homogeneous 
data to be entered into the DEA analysis technique. This method can only take into 
consideration homogeneous data and therefore an open-ended questiojonaire would not 
have been appropriate without the need to fiirther divide the response into categories. 
However one of the fimdamental problems with questionnahes is the poor response rate. 
A response rate of 20% is typical (Churchill 1991). In this case usmg a total population 
of 100 contahier ports it was feh that 20% would be too small a sample to make 
accurate observations. Thus a proactive investigative research method was adopted 
which yielded a response rate of 32%. 
Therefore, most of the information required for the questionnahre was completed as far 
as possible by the author using publications such as Fairplay Encyclopaedia, Cargo 
Systems Joumal, general port web sites as weU as the web-she of the individual port. 
This worked weU initially hi that after a search of the ports at the beginning of the hst, 
i.e. those that were in the top twenty, about six complete sets of data were received from 
these ports. Problems started to occur further down the list with the smaller ports that 
did not possess a web-site or did not keep it up-to-date or offered no contact address. 
Therefore a questionnaire requesting six pieces of data was sent to these ports (see 
Appendk V). The author noted that questionnaires sent to general mailboxes tended to 
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be ignored and therefore it was first feh necessary to locate a suitable individual within 
the port. In some cases iSndmg a name to whom to address the questionnahe proved 
elusive. Despite personalising the questiormaire not everybody was prepared to answer 
all six questions although this mformation shoidd have readUy been available to them 
Several answered one or two questions and then referred the author to theh web-site for 
the rest even though this had been searched and found to be lacking the requued 
hiformation. 
However, these problems were overcome by pre-testing tiie available data with DEA. 
By using fewer hiputs and outputs it was observed that DEA could sthl calculate the 
relative efficiency of sampled ports. In fact by limithig the data to two inputs and 
outputs more ports could be included m the sample and therefore a better comparison 
could be drawn of port eflSciency. 
The justification for usmg two hiputs and two outputs is that the main fimction of the 
port is to provide a means for cargo to transfer between two forms of transport. An 
efficient port is therefore one that does this with the least amount of inputs and achieves 
the highest output. By using land as an mput, which represents one of the Earth's 
natural hmited resources, this showed how efficient the port is makmg use o^ arguably 
hs most important commodity. By hicluding the size of the contahier quayage, this 
recognised that the port perforrns fimctions other than container movements but 
hlustrates how the port is fimctioning as a contahier port. The ports mcluded m the 
study are after all listed as bemg in the top one hundred contahier ports and therefore 
contahierisation must play a significant role m their function. 
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As mentioned, the inputs of total quay length of the port and contamer quay length were 
compared agahist the outputs of total throughput and container throughput. These 
figures were then sought from a number of sources, principally for the European ports 
from the European Sea Ports Organisation, ESPO, and for the American ports from the 
American Association of Port Authorities, AAPA Odier sources such as the world top 
50. bulk ports produced by the AAPA and Fahpl^ Encyclopaedia helped obtam the 
variables needed for the mput mto the efficiency measurement tool, DEA 
The year chosen to be examined was 1998, the most complete year for all of the ports at 
the time of data cohection (summer 2000). The only fijrther piece of information that 
needed to be collected from the ports themselves in order to achieve the aims of the 
original research was a copy of the organisational chart. Where possible this chart was 
sought by the author through promotional literature pubhshed by the port and available 
at conferences and exhibitions attended by the author, such as the 17th Annual 
Intemational Intermodal Exposition held in Atlanta, Georgia USA 10-13 April 2000, 
and also from web-sites such as the Association of American Port Authorities (aapa-
ports.org). 
Where it was not possible to obtahi this chart h was decided to email the port and ask 
dhectly for it This approach on the whole proved most favourable since it seemed that 
niost people could find the thne to fax or email a copy of a chart that they afready held. 
This may have been more favourable to people rather than researching the answers to 
half a dozen questions that, due to wishhig to avoid ambiguity, were lengthy. The 
residts of this approach meant that the expected response rate of 20% was fer surpassed 
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with a response rate of 36% of which only 32 were complete sets of data that could be 
analysed in this smdy. 
The time spent by the autiior searchmg for a particular port's website and for the 
requhed data took a period of some three/four months. This rather protracted research 
was mamly attributable to problems such as missing or moved web-pages, broken links 
and some sites which appeared to be under constant constmction during the research 
period. Other port websites seemed merely aimed at hohdaymakers wishing to know 
somethmg of the city theh cruise ship would be vishmg e.g. Yokohama. Some countries 
were notoriously difficult to gather information firom Chma, which has several ports 
within the top 100, seemed reluctant to publish on its web site, when there was one, any 
mformation other than the latitudmal and longitudmal position of the port and local 
weather conditions. This was not confined to China as Italy, Saudi Arabia and several 
Latm American countries were similar. On the other hand American ports' web-sites 
were the most useful. Where hiformation could not be found govemment agencies' 
webshes tended to hold the information. 
6.5 Data envelopment analysis 
Data envelopment analysis (DEA) is an established statistical technique that measures 
the relative efficiencies of imits where simple efficiency measures are difficult to obtahi 
(FarreU 1957 and Chames etal 1978). Appendix VI contams a detahed example of how 
DEA works. DEA is a superior altemative to other traditional parametric methodologies 
such as regression analysis (Athanassopoulos and Curram 1995). The main attraction of 
DEA is that h can deal with multiple mputs .and outputs. The units in any DEA 
assessment are generally homogeneous and are mdependent units performing the same 
function, and it is of most use where there are a large number of uruts providing an 
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'identical' service in relative isolatiori (Szczepura etal 1992). DEA was first developed 
as a way of measuring service units by Chames et al (1978) and was based upon 
Farell's (1957) idea of linking the estimation of technical efiHciency and production 
frontiers. The model has smce been added to and developed over the years. Between 
1978 and 1992 over 400 articles, books and dissertations were pubhshed on DEA 
(Chames et al 1995). Warwick Busmess School pioneered the research and are regarded 
as one of the leading mstitutions working m this field. DEA has been successfidly used 
hi research mto ahport efficiency (Gillen and Lall 1997 and De La Cruz 1999), local 
govemment authorities, courts, hospitals, general practitioners and bank branches to test 
efficiency where there are multiple centres of inputs and outputs. Its apphcation to the 
port industry, by comparmg ports from different regions, would therefore appear to be 
ideal. There have however only been a few studies mvolvmg seaports usmg DEA 
Martinez-Budria etal (1999) and Tongzon (2001) are two studies using Spanish and 
mahdy Austrahan ports, respectively. Roll and Hayuth (1993) hi a hypothetical example 
of its application in this area list the following advantages of using DEA 
• It enables simultaneous analysis of multiple outputs and inputs 
• It includes environmental and other qualhative factors that are of importance in 
assessmg performance 
• It recognises the possibility of different but equally efficient combmations of 
outputs and inputs, or the setting of rigid importance weights for the various factors 
• It does not require an explich determination of relationships between output and 
hiputs or a string of rigid importance weights for the various factors 
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• The DEA approach locates an 'efficient frontier' withm the group analysed and the 
sahent units comprismg it, thus efficiency is measured against the highest 
performance rather than against some average 
• The approach pomts to specific subgroups of the efficient luiits that are appropriate 
as a reference level for each of the non-efficient units 
RoU and Hayuth (1993) state that DEA is a most suitable tool for measuring efficiency. 
However, it must be sfressed that the purpose of theh: research was merely to show, that 
DEA can be apphed to ports. The subsequent studies performed by Martinez-Budria et 
al (1999) and Tongzon (2001) serve to confirm that DEA is a relevant tool by which to 
measure efficiency of ports. 'The DEA techoique is usefiil hi resolvmg the 
measurement of port efficiency because the calcidations are non-parametric, can handle 
more than one output and do not requhe an explich a priori determination of 
relationships between output and mput, as requhed for conventional estimation of 
efficiency usmg production functions" (Tongzon 2001). Sachis (1996) looked at the 
different techiuques for measuring productivity and confirmed DEA's usefidness. 
Sachis (1996) adopted an enghieering method to take account of the technological 
investments when lookihg at the efficiency of Israeh ports. Various other studies have 
been made usmg the assessment of productivity based upon output per worker 
(DeMonie 1987), output per wharf (Frankel 1991) whilst others use production 
functions, (ECim and Sachish 1986, DeNeufville and Tsunokawa 1981). Gillen and Lall 
(1997) looked at airport termmals and chose two outputs, number of passengers and 
pounds of cargo. They chose six inputs, number of runways, number of gates, termmal 
area, number of employees, number of baggage collection belts and number of pubhc 
parking places. They conclude that the number of gates has the most overaU effect upon 
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efficiency. In tenns of ports, gates, which facilhate the loadmg of the cargo could be 
equalled to loading cranes. 
As discussed earher hi detail, efficiency can simply be expressed as a ratio of output to 
mput provided that the product only produces one output. However, as most instimtions 
produce muhiple outputs from muhiple inpiits each variable must be given a weightmg 
to produce a more accurate result. Efficiency then begins to resemble the sum of 
weighted outputs over the sum of weighted hiputs. As the method of weighting can be 
biased towards one particular outcome the DEA technique allows for each weighted 
hiput/output to be seen in its most fevourable light. The number of variables entered 
hito the formula cause more of a discriminatory power of DEA By adjusting the 
weighthigs researchers can emphasis the importance of one set of data over another. 
Therefore, Szczepura (1992) argues the number of variables should be kept to the 
minimum possible rather than complicate the process with copious weightmgs on 
multiple variables or, sets of data Martinez-Budria et al (1999) used a combination of 
three hiputs and two outputs. The inputs were labour expenditure, depreciation charges 
and other expenditures. The outputs were total throu^put and revenue obtained from 
the rent of port faculties. Tongzon (2001) used six inputs and two outputs. The inputs 
included the number of cranes, contahier berths, tugs, labour, delay time and the size of 
the termmal area The outputs were number of TEUs and number of containers moved 
per hour per ship: 
Investigations mto measuring efficiency have revealed that there is no smgular 
universally accepted formula for calculating efficiency. Therefore, after analysing 
previous smdies such as DeMorue (1987), DeNeufvUle and Tsunokawa (1981), Frankel 
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(1991), Gillen and Lall (1997), Kim and Sachish (1986) and Sachish (1996), it was 
decided that the technique know as DEA would be most appropriate. The reasons for 
this were mentioned earlier, viz. the use of multiple inputs and outputs, Weightmg and 
the feet that it has been successfidly applied to ports. 
Table 6.1 Raw data used in the analysis* 
Port Containers Total Total Length of Container berth Ratio of 
throughput aU berths length container berth 
(quayage) length to total 
berth length 
% 
Antwerp 3,265,000 119,788,549 62,052 8,859 14 
Ashdod 364,000 16,194,000 3,496 480 14 
Auckland 526,300 4,200,000 6,046 610 10 
Felixstowe 2,461,823 30,025,285 3,972 2,773 70 
Genoa 1,265,593 46,681,644 18,375 1,720 9 
Halifax 435,425 14,018,831 5,948 981 16 
Hamburg 3,546,940 75,821,000 25,941 11,615 45 
Hawaii 1,082,346 6,567,637 9,202 3,808 41 
Hong Kong 14,582,000 167,170,000 13,801 6,059 44 
Houston 968,169 169,100,000 24,648 4,378 18 
Kaohsiung 6,271,053 98,203,000 25,800 7,790 30 
Keelimg 1,621,222 26,601,000 7,730 3,090 40 
Laem Chabang 1,425,000 13,743,000 3,350 1,600 48 
Las Pahnas 490,577 7,912,000 9,900 1,744 18 
Le Havre 1,320,000 66,407,000 15,037 5,225 35 
Lisbon 364,320 11,251,000 16,000 1,530 10 
Long Beach 4,100,000 60,800,000 18,182 6,001 33 
Los Angles 3,378,218 82,126,624 13,758 . 6,005 44 
Manila 1,856,372 30,868,000 9,138 1,300 14 
Melboume 1,125,748 42,108,000 12,969 2,368 18 
Mumbai 503.310 30,970,000 8,629 1,056 12 
Port Everglades 704,390 21,000,000 7,642 2.112 28 
Rotterdam 6,010,000 314,774,000 77,000 13,530 18 
Santos 859,500 39,940,386 13,004 510 4 
Seattle 1,544,000 13,000,000 22,912 5,378 23 
Singapore 15,100,000 313,322,000 25,884 5,810 22 
Southampton 846,257 35,000,000 10,053 1,350 13 
Sydney 801,081 16,450,000 5,888 950 16 
Tacoma 1,156,500 8,612,765 11,825 2,268 19 
Tanjung Priok 1,609,340 30,903,000 9,205 2,440 27 
Vancouver 800,000 71,933,000 11,243 3,030 27 
Zeebrugge 776,357 33,283,000 10,770 3,085 29 
(Source: Author 2001) 
N.B. The Container figures were published by Cargo System Joumal in My 1999 for 1998 traffic. Data 
relating to total throughput and length of berths are derived from Faiiplay World Ports Encyclopaedia 
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Although there are only two previous studies ushig this technique both are very recent, 
1999 and 2001, and serve to show a modem acceptance towards applying this 
technique: Furthermore, the technique has been around since the 1950s and has 
undergone much exammation by scholars. It is oidy recently that researchers have 
thought to apply the technique to seaports. 
The results of the data collected can be seen m Table 6.1. The first five columns identify 
the port and its characteristics in terms of the quantity of output and the size of the port. 
The last column shows the ratio of container berth length to the total berth length of all 
berths, this is also discussed in more detaU later. 
6.6 Analysing organisational charts 
The next stage in this research involves the analysis of organisational charts. As 
mentioned earher the best method to adiieve a comparison of orgarusational charts was 
to assign each chart numerical values and then analyse these values usmg cluster 
analysis. Cluster analysis would then identify which ports were similar to others and 
how many specific clusters could be identified. 
Once the orgarusational charts had been coUated it was necessary to classify the ports 
into the three organisational types as identified by Mhitzberg (1979) and discussed m 
detail m chapter four. The variety of sizes and styles of organisational chart niade the 
identification process arduous but not hnpossible. Determining the categorisation of 
each port accordhig to Mintzberg (1979) was a process that requked carefiil 
consideration. Mhitzberg (1979) identified several dififerent organisational stmctures 
that could be applied to any bushiess. The three stmctures identified in chapter four as 
being relevant to ports were simple, divisional and machhie bureaucracy. These, as the 
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names would suggest, are quite different in appearance and indeed in the 'ideal' models 
they look very different. The simple stmcture is simply two layers, the divisional 
stmcture short and narrow and the machine bureaucracy tall and fat. Thus when it came 
to applymg these three disthict types of organisation to the charts received from the 
ports several, or hideed most, did not appear to fit. Therefore it was necessary to convert 
each chart into a mathematical formula in order that it could be analysed on a more 
objective basis. Because each stmcture as identified by Mintzberg (1979) had a 
characteristic shape to it, it was decided that the most rehable method of equating the 
organisational model to a formula was to give numeric values to the number of imits, 
divisions and layers. 
The number of units relates to the number of boxes that form an organisational chart 
and are meant to represent each activity that occurs within the orgauisatioa Each 
activity is the process, responsibility, fimction or imdertaking that is bemg generated. 
AH companies consist of these fimctions which, when working togetiier, represent the 
entire activity of the busmess. The divisions that ejost within the orgarusational chart 
were determined by the number of distinct vertical linear pathways that were perceived. 
Thus, where there was little or no interaction among these distinct vertical linear 
pathways, it could be assumed that these were separate divisions that operated on a 
vertical reporthig stmcture that is characteristic of a divisional organisatioa In this type 
of organisation, because of the vertical reporthig stmcture, it is sometimes 
commonplace for departments working in parallel not to be aware of what each other is 
domg. The next characteristic to be analysed numerically was the Imear stratification 
amplitude or the number or layers apparent within the organisational stracture. The 
layers whhin an orgarusational chart illustrate the number of subordinates beneath the 
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top decision makers. The more this is attenuated the greater the chance of an mcrease of 
time in the decision making process. 
6.7 Ouster analysis 
Cluster analysis is one of a group of multivariate techruques. Multivariate analysis is the 
name given to all types of statistical methods that shnultaneously analyse several items 
of data on any one particular variable being analysed (Hah et al 1995). It enables 
multiple pieces of data that represent the subject bemg analysed to be compared with 
similar objects consistmg of several items of data The recent developments hi 
computmg technology have paved the way for the development of such statistical 
techniques. As the name implies cluster analysis is a statistical teclmique which sets out 
to solve problems in data by grouping together individuals or objects that are ahke into 
clusters. The members of any given cluster are more similar than members of other 
clusters. Thus the aim of cluster analysis is to mterpret the variables by placmg them 
into new groups that can be easily understood (Aaker et al 1995). It is used in a 
multitude of disciplines such as psychology, biology, sociology, economics, engineermg 
and business (Hah etal 1995). It is shnilar to fector analysis but whilst factor analysis is 
concemed %vith grouping variables, cluster analysis groups objects together. It is 
particularly useful as a data reduction techruque when there is a large amount of data 
that would prove arduous to mterpret By groupmg the results mto clusters or groups it 
is then easier to understand what each group represents and thus its place hi the overall 
picture. Thus the primary role of cluster analysis is to partition a set of objects hito two 
or more groups. Whilst it is commoidy used as an exploratory role to determme what is 
present it can also be used to test hypotheses by comparmg the results with what the 
researcher expects to find or test. Like factor analysis, cluster analysis is not a statistical 
inference technique where parameters from a sample are said to be mdicative of the 
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entire populatioa On the contrary, cluster analysis is an objective methodology for 
quantifyhig the stractmral characteristics of a set of observations. The process begins by 
selecting the variables to be included into the process. It is then the researcher's choice 
on how many clusters to be included. These two points are hence fundamental m the 
fmal results. However, Hair et al (1995) state that care should be used when relyhig 
upon the results of cluster analysis because of the degree of input and mterpretation 
needed by the researcher. They state that cluster analysis is more of an art than a science 
but used cautiously the results can be very informative. 
6.8 Testing the conceptual model 
A conceptual model of port organisational and ownership stmctures was developed m 
chapter five. The next process hi this research is to test the model usmg data from real 
ports. The purpose of creating the model, discussed m more detaU in chapter five, is to 
compare the efiBciency of differently owned and managed ports in one diagram Prior to 
testmg the conceptual model attention wiU first be given to the hiformation to be 
included. 
Havmg coUected the data necessary to calculate relative port efificiency and the 
orgaiiisational charts of 32 ports the next process was to place the ports into the 
conceptual model, a process know as operationalismg, or the application o^ the model. 
Using the ports listed in Table 6.1, Figure 6.2 represents the ports hivolved m this 
research. 
Operationalisation refers to the operations carried out hi the measurement of a concept 
Bridgman (1948) defines this as follows: 
141 
In general we mean by any concept nothing more than a set of operations; the 
concept is synonymous with the corresponding set of operations. If the concept 
is physical, as of length, the operations are actual physical operations, namely, 
those by which length is measured; or if the concept is mental, as of 
mathematical continuity, the operations are mental operations, namely, those by 
which we detemihie whether a given aggregate of magnitudes is conthiuous. 
(Bridgman 1948) 
Operationalismg or applying the conceptual model to ports thus allows the researcher to 
test the model's usefulness in the real world. 
Figure 6.2 Conceptual model applied to research ports 
Aitwerp 
La emChabang 
Long Beach 
Melboume 
Seattle 
Sydney 
VancoiKcr 
(Source: Author 2002) 
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Of the 32 ports mcluded m this model fromtiie top 100 container ports it can be seen 
that there are two popidar methods of organisational and ownership stractnres. The 
public simple and the pubhc/private simple stmctures have seven and eight ports 
respectively, nearly half of the total ports sampled. The next most common type of 
stmcture is the pubhc/private divisional stmcture with six ports. The other remainhig 11 
ports are spread among the remainhig categories. 
6.9 Conclusion 
This research sets out to compare the efficiency of ports by organisational and 
ownership stractures. In order to compare efficiency of ports h was determmed that data 
representing two inputs and two outputs for each port would be requhed. Table 6.1 
shows data received as a result of sending a questionnahe to various ports and as a 
residt of research from a multitude of secondary sources discussed earlier. As can be 
seen data was coUected from a total of 32 ports. -Analysmg organisational charts has 
proven to be arduous and has highlighted the need to quantify the charts for statistical 
comparisoa The best method identified by the author to compare the quantitative data is 
cluster analysis. Cluster analysis allows for large amoimts of data to be analysed and 
divided into distmct clusters. By adopting this technique it was reahsed by the author 
that Mmtzberg's (1979) organisational stractures could be identified. Data envelopment 
analysis and cluster analysis are thus the main techniques used m this research to 
analyse the data coUected. The residts of this analysis are discussed hi^ detaU hi chapter 
sevea The next step m the process of testing the model is to place withhi it the relative 
efficiency ratmgs as calculated usmg Data envelopment analysis. 
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Chapter 7 Analysis of the results 
7.1 Introduction 
Earlier chapters have highlighted the need for two types of analysis in this study, viz. 
DEA to measure efficiency and cluster analysis to identify similarities hi organisational 
charts. This chapter wiU now examhie the findmgs from the application of these two 
types of analysis and place the results into the conceptual model. 
An example of how DEA works can be found in Appendix VI. Having run the DEA 
calcidations usmg the data in Table 6.1the residts can be seen in Table 7.1. The results 
show that in comparison to each other three ports are considered to be 100% efiScient. 
The results show that the two most efficient ports are also the world raiikhig number-
one and number-two ports hi terms of containers. As was noted earher in Table 6.1 
these two ports have more of the world's contahier traffic than other ports in this study. 
Therefore, it was expected that Hong Kong and Singapore ports would rank high in 
terms of efficiency unless the size of the ports was particularly enormous compared to 
other ports. The mclusion of Santos as holder of jomt fihst place shows that this port for 
hs size is relatively efficient An mhially surprismg result is that of Rotterdam, both 
Singapore and Rotterdam have about the same total throughput in terms of overall 
tormage i.e. 315m metric tons, yet Rotterdam has around 40% of the contamer 
throughput of Smgapore. The resuh is that whilst Singapore rardcs at the top of the 
research results Rotterdam is significantly lower hi 13"* position. The reason for 
Rotterdam's lower ranking can largely be said to be attributable to the size of the port. 
Rotterdam has approximately three thnes the quayage of Smgapore producmg 
approximately the same total throughput but sigruficant less container traffic. 
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Table 7.1 Relative efficiency rating of sampled ports 
Port Relative Woiid Ranking 
Efficiency within the top 100 
container ports for 
1998 
Hong Kong 100 2 
Singapore 100 1 
Santos 100 54 
Houston 69.86 48 
Felixstowe 62.41 14 
Ashdod 58.98 95 
Manila 54.94 19 
Vancouver 52.85 59 
Mumbai 50.36 74 
Los Angeles 49.28 8 
Soufliampton 45.17 55 
Genoa 44.39 34 
Rotterdam 42.08 4 
Laem Chabang 40.26 29 
Le Havre 36.47 30 
Auckland 33.20 75 
Sydney 32.45 58 
Melboume 32.27 43 
BCaohsiimg 32.23 3 
Keelung 28.41 24 
Tanjimg Priok 27.73 25 
Long Beach 27.63 6 
Halifax 25.61 86 
Zeebrugge 25.52 61 
Hamburg 24.13 7 
Antwerp 23.77 9 
Port Everglades 22.70 64 
Tacoma 19.62 37 
Lisbon 12.08 94 
Hawau 11.75 41 
Seattle 11.12 27 
Las Pahnas 10.82 76 
(Source: Author 2001) 
Thus the relative efficiency rating compares with common held assumptions that a port 
which is the leader in more than one field rates better that than the port which 
specialises hi one field to the detriment of others. 
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The calculations are capped at 100% since this is the maximum efiBciency that can be 
reached. If however this cap is removed then the relative efiBcieuQ^ rating for the ports 
are Santos 145.22, Smgapore 166.72 and Hong Kong 181.12. This means that Hong 
Kong is the most efificient contahier port examined in this study. 
The gap between the so-caUed top three ports that ranked 100% eflBcient and the port hi 
fourth position, Houston, is quite corisiderable. Houston has a relative efiBciency rating 
of 69.86, this is less than half that of Santos. This difference is quite considerable and 
indicates that the mam priorities of the top. three ports hi this smdy are container traffic 
whereas other ports in the study either specialise in other areas or are multipurpose to a 
greater degree. Kaohsiung for instance, is ranked third m the world for container traffic, 
yet m this study of contahier ports, ranks as the 18th most efificient port with a relative 
ratmg of 32.23%. Although Kaohsiung has over six times the container throughput of 
Houston and the same total berth length, Houston ranks higher because its total 
throughput is 70% higher, mdicatmg a specialisation hi other areas e.g. petroleum 
products. Thus the objectivity of DEA can be seen in that it does not favour any one 
output but looks at the combhied output produced from the total mputs. 
7.2 Results from the application of cluster analysis 
As mentioned earher the technique chosen to analyse organisational charts is cluster 
analysis. In this case the quanthative data representing the numerical values of the imits, 
divisions and layers was programmed into a computer software package caUed Software 
Package for Social Sciences (SPSS) and the calculations for cluster analysis run (see 
Appendix VII). Figure 7.1 shows in a graphical view the results from the apphcation of 
cluster analysis. By looking at the vertical line immediately to the right of each port it 
can be seen that the sample of 32 ports is divided mto three clusters. 
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Figure 7.1 Ports grouped into clusters 
Vancouver 31 
Zeebrugge 32 
Antwerp 1 
Sydney 28 
Tacoma 29 
Seatt l e 25 
Singapore 26 
Rotterdam 23 
Santos 24 
Mumbai 21 
Port Everglades 22 
Long Beach 17 
Melbourne 20 
Laem Chabang 13 
Lisbon 16 
Hawaii 8 
Hong Kong 9 
Ashdod 2 
Felixstowe 4 
i e Havre 15 
Tanjung Priok 30 
Ha l i f a x 6 
Houston 10 
Manila 19 
Southampton 27 
Auckland 3 
Las Palmas 14 
Los Angeles 18 
Kaohsiung 11 
Keelung 12 
Genoa 5 
Hamburg . 7 
Clusto One 
Cluster Three 
Cluster Two 
(Source: Adapted by author from Appendix VIII 2002) 
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Table 7.2 An analysis of ports by organisational and ownership stmctures using cluster and data envelopment analysis 
Port 3 Clusters 2 Clusters Units Divisions Layers DEA 0\Ynership 
Antv/erp 1 1 10 3 3 23.77 p/p 
Ashdod 1 1 14 9 8 58.98 public Cluster 1 Characteristics 
Felixstowe 1 1 12 10 4 62.41 private Average Units 13 Few Units 
Hawaii 1 1 7 4 3 11.75 public Average Divisions 6 Medium horizontally = Simple 
Hong Kong 1 1 10 5 4 100 private Average Layers 5 Short vertically 
Laem Ghabang 1 1 12 8 11 40.26 p/p p/p 9 
Lisbon 1 1 23 12 7 12.08 public Public 7 
Long Beacli 1 1 16 6 6 27.63 p/p Private 3 
IVIelboume 1 1 9 3 7 32.27 p/p Total 19 
Mumbai 1 1 20 8 7 50.36 public Average Efficiency 43.47 
Port Evergiades 1 1 11 7 3 22.7 public 
Rotterdam 1 1 10 5 3 42.08 p/p Cluster 2 Characteristics 
Santos 1 1 19 5 5 100 private Average Units 34 Several Units 
Seattle 1 1 20 3 3 11.12 p/p Average Divisions 4 Narrow horizontally = Divisional 
Singapore 1 1 10 7 4 100 public Average Layers 9 Medium vertically 
Sydney 1 1 10 5 4 32.45 p/p p/p 6 
Tacoma 1 1 11 5 5 19.62 public Public 2 
Vancouver 1 1 16 5 3 52.85 p/p Private 1 
Zeebrugge 1 1 16 8 3 25.52 p/p Total 9 
Aucl<land 2 2 30 5 9 33,2 p/p Average Efficiency 35.84 
Genoa 2 2 33 3 5 44.39 p/p 
Hamburg 2 2 29 3 11 24.13 p/p Cluster 3 Characteristics 
Kaolisiung 2 2 33 4 5 32.23 public Average Units 38 Copious Units 
Keeiung 2 2 37 3 7 28.41 public Average Divisions 8 Wide horizontally = Machine 
Las.Paimas 2 2 29 2 16 10.82 p/p Average Layers 10 Long vertically Bureaucracy 
Los Angeies 2 2 31 5 13 49.28 p/p p/p 2 
IVlaniia 2 2 26 3 11 54.94 p/p Public 2 
Soutiiampton 2 2 29 5 3 45.17 private Private 
-
Halifax 3 2 42 7 11 25.61 p/p Total 4 
Houston 3 2 36 6 11 69.86 p/p Average Efficiency 39.92 
Le Havre 3 2 36 8 10 36.47 public (lcey:p/p = = public/private) 
Tanjung Priok 3 2 38 10 9 27.73 public 
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The distinction of the three clusters can also be seen in Table 7.2 which shows the 
results from applying both DEA and cluster analysis. Thus, we can see in the second 
column that if cluster analysis is required to provide three distinct clusters then all those 
ports appearing in cluster one are represented in column two with the number 1. 
Similarly^ those falling into clusters two and three are also markedwith the number 2 
or 3. Column three provides the resuhs if only two clusters are requfred. It can be seen 
that the distinction between clusters two and three is not as strong as between one and 
two. The next three columns show how many units, divisions and layers each of the 
thirty two ports have present. Thus, reading from the top of the list we can see that the 
port of Antwerp has ten operational umts, three divisions and three layers. Compare 
this with Auckland, the first port alphabetically in cluster two, which has 30 operational 
units, five divisions and nine layers. 
In comparisons whh the other two clusters we can determine that the characteristics of 
cluster one are that it has few units, a medium horizontal range of division and a short 
vertical range of layers which is reminiscent of the simple structure. However, this 
differs substantially from the example given by Mintzberg (1979) of a simple stmcture 
two layers deep and elongated horizontally. It shows that the structure of a port can 
contain several layers and divisions but the key element is that it must have very few 
fiinctional units. 
In cluster two the average number of units is two and a half times that of cluster one at 
thirty-four units. The average number of divisions is four and- the number of layers 
nine. This reveals that the key characteristics that make up cluster two are that it 
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contains several units, is narrow horizontally and medium sized vertically. The 
conclusions drawn from this are that this cluster is reminiscent' of the divisional 
stracture as described by Mintzberg (1979). 
The seventh column contains the resuhs of the application of Data envelopment 
analysis to the inputs and outputs of the port as discussed earUer in chapter six. Column 
eight represents the ownership structure of the port as discussed earlier in Chapter 
three. The ownership structure has been divided into the three distinct types of port that 
exist, viz. public, private and joint public/private (p/p). As can be seen from columns 
seven and eight no one particular cluster is dominated by any particular ownership 
pattern or efificiency rating. This shows that there is a fair distribution of the different 
types of ownership stracture and efiBciency of ports among the clusters. 
If however we look at the characteristics of each cluster as defined in columns nine and 
ten, we can see that for the ports within cluster one the mean average number of units is 
thirteen, the divisions six and the layers five. In comparison to the other two clusters we 
can determine that the characteristics of cluster one are that it has few units, is medium 
sized horizontally and short vertically, which is reminiscent of the simple stracture. 
Cluster three contains the largest number of numerical umts at thhty-eight with the 
most divisions at eight and again the most layers at ten. Ports withm this group have 
organisational stractures with copious units, are wide horizontally and long vertically. 
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The resuhs show that by applying cluster analysis to the analysis of organisational 
charts, clearly defined t5?pes of organisational structures can be identified. The results 
also confirm that ports can be defined into the categories identified by Mintzberg 
(1979) i.e. simple, divisional and machine bureaucracy. However as is typical of many 
samples divided into three distinct clusters, there are two extremes with the middle 
cluster being quhe similar to both. 
The next step in the research is to see whether these clusters can be examined fiirther to 
identify whether port efficiency can be attributed to specific structures, or whether 
different ownership patterns are identified with certain structures. 
7.3 Ownership and efficiency 
Colunrn 10 of Table 7.2 shows the average number of ports owned for the three 
dififerent port types as defined by Baud (1997) and the average efficiency rating for 
each cluster. Thus, we can see fi-om cluster one that out of the sample of thirty-two 
ports, nine are public/private, seven public and three private. The ports falling into 
cluster one have an average efficiency of 43.47. Of the nineteen ports that fall within 
cluster one, twelve have some form of private ownership. 
In cluster two there are nine ports, of which seven contain some form of private 
- ownership, with an average efificiency of 35.84%. In cluster three two of the four ports 
are under private ownership with an average efficiency rathig of39.92%. 
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Figure 7.2 Conceptual model of organisational and ownership structures applied 
to DEA efficiency results 
43.47% 
Antwerp 
Laem Chabang 
Long Beach 
Melboume 
Seattle 
Sydney 
Vancouver 
Zeebrugge 35.84% 
Ashdod 
Hawaii 
Lisbon 
Mumbai 
Port Everglades 
Singapore 
Tacoma 
39.92% 
(Source: AufJior2002) 
7.4 Conclusion 
The resuhs from this research can best be viewed in Figure 7.2. This conceptual model 
of organisational and ownership structures, designed in chapter four, enables for a 
quick comparison of efficiency by organisational and ownership structures. 
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Figure 7.2 shows the relative ejEficiency in percentages terms outside the Venn diagram. 
As can be seen the simple, divisional and bureaucracy stmctures have a relative 
efQciency rating of 43.47%, 35.84% and 39.92% respectively. The conceptual model 
also contains further percentages that relate to the specific organisational and 
ownership cohibinations that can be found in ports. For instance it can be seen that 
public simple stmctures contain an average efficiency rating of 39.36% whilst the 
private/public simple structures have a ratmg of 30.73%.No ports in this sample could 
be classified into the private bureaucracy and only one port was allocated to the mixed 
public/private/municipal and private divisional categories. By far the highest eflSciency 
rankiiig is that of the private simple structure which has a rating of 87.47%. However, it 
should be noted that there are only three ports in this category and a larger sample may 
yield a lower rating. 
Thus we can conclude from the combined analysis that the most efficient organisational 
stmcture appears to be the simple structure. The ownership pattern on the other hand 
does not seem to have a bearing upon the equation since there is a fafr distribution of 
the three different ownership categories throughout the clusters. The difference 
between the efiHciency of the three clusters is only marginal. However, it does show 
machine bureaucracies can be eflficient as simple structures. However if a port is 
contemplating changing from a machine bureaucracy to a divisional structure then the 
benefits in terms of efficiency are likely to be negative. A change however to a simple 
stracture is more hkely to lead to an increase in efficiency. 
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Chapter 8 Conclusions, discussion and recommendations 
This research has attempted to examine the most efficient type of container port by 
looking at ownership and organisational stractures. The reasons for looking at these 
two aspects have been given earlier in great detail, but can essentially be said to be 
attributable to the current trend for governments world-wide to move towards port 
privatisation and associated restructuring. 
In terms of port ownership this research has not found any correlation with efficiency. 
Private ports, whether wholly or partially privatised, do not fare any better than 
publicly owned ports when comparing relative efficiency. However, in terms of 
organisational stracture this research has shown a relationship with efficiency. Using 
Mintzberg's (1979) classification of organisations it has been possible to divide ports 
into the stractures he identified. The resuhs show that, in terms of stracture, adopting 
either a highly organised bureaucratic stracture or conversely a simple stracture leads 
towards greater efficiency. Taking the middle ground and adopting a divisional 
organisational stracture does not appear to lead to greater efficiency. 
Thus, how a port is managed (in terms of organisational stracture) affects efficiency 
rather than who owns it. This research therefore appears to contradict the widespread 
assumption that privatisation on hs own will lead to greater efficiency. Privatisation is 
no panacea but niust be accompanied with other forms of restracturing. This research 
has shown that one of the key elements to achieving greater efficiency lies in how the 
port is stractured. Therefore if a government is considering privatisation as a method of 
instilling greater efficiency, it should be noted that the same resuUs may be achieved 
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more easily by reorganisation. However, often privatisation is the catalyst that gives an 
impetus for the management to reform the structure. Restructuring must neither be seen 
as a panacea but must go hand-in-hand with new financing and investment. 
Deregulation is equally an important process and all regulation hindering the 
performance of a port should be minimised. The recommendation for managers is to 
implement a stmcture that is simple in nature and therefore robust and reflective to 
changing envirormients. Essentially, organisations should keep their organisational 
stmcture as simple as possible for maximum efficiency whilst providing the financial 
means to hivest in new technologies. 
In terms of the research hypotheses mentioned in chapter one, the resuhs have shown 
that: 
1. The ownership structure of a company does not have a direct causal link with 
the efficiency of that company (Boardman and Vinning 1989). 
2. Efficiency has no correlation with ownership structure in a company but rather 
is related to other extemal factors (Iyer 1988). 
3. There may exist a casual relationship between organisational stmcture and a 
firm's performance (Covin and Slevin 1988). 
By presenting the findings of this research at various conferences as detailed in 
appendices Hi, IV; IX-XEL it has been possible to test other academics' opinions of the 
procedures used and the steps taken. The feedback has been very usefiil and has 
provided valuable recommendations on how to improve firture research. 
Originally much work was carried out by the author on the gathering of financial data 
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on the asset values of ports and GDP figures for various countries in an effort to obtain 
some khid of comparison. However, this had to be abandoned when it became clear 
that ports in developed countries with higher land values unduly biased the 
calculations. Likewise another problem associated with the research and vyhich limited 
the numbers of inputs into the efficiency calculation was measurement of port labour, a 
factor originally thought worthy of inclusion. As ports become privatised they tend to 
reduce their number of employees to more profitable levels. However, the information 
was difficult to ascertmn from some ports that were owned by private companies. 
One suggestion arising from a feedback session following a conference presentation 
was that the labour issue could be overcome by using Baird's matrix of port ownership 
that includes landowner, regulator and operator. By analysing the ownership stracture 
of the port the number of employees could be placed into the matrix enabling a simple 
comparison. Following on from this idea the author and a number of academics from 
various institutions around the world have formed a working group to look at, amongst 
other related issues, this idea. It is hoped that this will lead to further research. 
Comment was made about why a port such as Santos should rate highly and Antwerp 
low when these ports have the reverse reputatioa The research indicated that this may 
be attributed to the size of the ports and that Santos, a much smaller pori; than Antwerp, 
produced higher outputs with relatively fewer inputs. By using the DEA weightings it 
was possible to change the results so that less importance was given to container berth 
length (see Appendix VBI). This resulted in Santos moving significantly down the 
ranking of port efficiency whilst Antwerp remained the same. However, it was chosen 
not to use weighting in this particular research since no adequate justification could be 
156 
given for favouring or discriminating against the four variables used. Nor does other 
research into port efficiency using DEA make reference to the apphcation of weighting 
the data desphe it being one of the attributes of DEA (see Martinez-Budria et al (1999) 
and Tongzon (2001)). However this also presents possible scope for fiirther research. 
What this research has achieved is the development of a conceptual model for the port 
industry that includes both the varying types of ownership and organisational structures 
that can be found throughout the world. Furthermore the model is not just Hmited to the 
port sector but can be applied to other areas in order to compare the performance of 
different companies. The model may need a slight adjustment to take into account the 
five types of organisational structure identified by Mintzberg (1979) as opposed to the 
three types used in this research. 
The model therefore allows other measures of port efficiency to be used in order to 
make a comparison. Indeed several different efficiency measures could be used to test 
the robustness of the model and the resuhs in several models compared v^th each other. 
Likewise in measuring organisational charts a different method other than cluster 
analysis could be used. The process of quantifying the charts would still need to be 
undertaken. However, as far as the author is aware, this work on organisational charts is 
pioneering and thus it is difficult to see what other methods of quantifying 
organisational charts other than the method used in this research, viz. units divisions 
and layers, could be used. 
This research has devised a conceptual model of ports that enables easy comparisons to 
be made between different types of port ovmership and organisational stmctures. The 
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results show that cluster analysis can be applied to the analysis of organisational charts 
of ports. The resuhs enable clearly defined types of organisational structures to be 
identified and also confirm that ports can be defined into the categories identified by 
Mintzberg (1979) i.e. simple, divisional and machine bureaucracy. Furthermore the use 
of DEA as a means of testing container port efficiency has also proven successfiil in 
helping to highlight the characteristics of an efficient port. Predictions can also be made 
on the performance of a port by examining its organisational chart to determine which 
of the Mintzberg (1979) categories is applicable and the likely efficiency rating. 
This research set out to design a conceptiial model of the port industry using ownership 
and orgamsational structures. It then used an established technique to measure port 
efficiency whh the results placed into the conceptual model. This enabled the reader to 
see at a glance which structure performed the best. The research has been successfiil in 
this respect. However, as with any pioneermg research there is always scope for 
improvement and fiirther research. 
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APPENDIX I - World port ownership structures 
Ownership struchire of various ports (Cass 1996) 
Port 1995 TEU Public Public/ 
Private 
Private/ 
Public 
Private 
Ajabenraa City controlled 
Aaiborg City controlled 
Aarhus 240,000 X 
Alexandria 244,659 x 
Algeciras 1,154,714 x 
Amsterdam City owned 
Antwerp 2,329,000 x 
Ashdod 339,000 X 
Auckland 380,964 x 
Baltimore 547,475 x 
Bangkok 1,463,000 x 
Barcelona 685,000 x 
Bilbao 302,600 x 
Bombay 500,000 x 
Bremen 1,530,000 X 
Brisbane 232,873 x 
Buenos Aires 540,000 x 
Cape Town 297,000 x 
Charieston 981,627 X 
Chittagong 245,417 X 
Colombo 1,040.000 X 
Dalian 374,000 X 
Damietta 569,525 X 
Damman 287,125 X 
Dubai 2,073,081 X 
Dublin 290,000 X 
Durban 887,293 X 
East London Corporatisation 
Everglades 422,066 X 
Felixstowe 1,923,936 X 
Fujairah 560,000 X 
Genoa 610,000 X 
Goteborg 400,000 X 
Haifa 512,000 X 
Hakata 296.642 X 
Halifax 380,000 X 
Hamburg 2,900,000 X 
Hampton Roads 1,050,000 X 
Hawaii 1,126,784 X 
Haydarpasa 252,000 X 
Helsinki 291,441 X 
Hong Kong 12,563,000 X 
Houston 705,367 X 
Jacksonville 529,547 X 
Jeddah 726,435 X 
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Johor 310,000 X 
Kaohsiung 5,053,183 X 
Karachi 513,000 X 
Keelung 2,165,193 X 
Khorfakkan 581,418 X 
Kingston 384.339 X 
Kitakyushu 450,000 X 
Klang 1,130,000 X 
Kobe 1,455,000 X 
La Spezia 1,060,000 X 
Laem Chabang 524,724 X 
Las Palmas 334,120 X 
Le Havre 970,000 X 
Leghom 400,000 X 
Limassol 385,000 X 
Lisbon 272,740 X 
Liverpool 379,000 X 
Long Beach 2,800,000 X 
Los Angeles 2,560,000 X 
Manila 708,191 X 
Wlanzanillo 187,000 X 
Marsajdokk 514,767 X 
Marseilles 500,000 X 
Melboume 883,977 X 
Miami 656,175 X 
Montreal 728,799 
Mossel Bay Corporatisation 
Nagoya 1.470,000 X 
Mozambique X 
Nhava Sheva 244,070 X 
NY/NJ 2,218,000 X 
Oakland 1,530.374 X 
Osaka 1,080,000 X 
Oslo X 
Penang 240.581 X 
Piraeus 590,000 X 
Port Elizabeth Corporatisation 
Portland 330,000 X 
Puerto Cortes 252,127 X 
Puerto Limon 363,485 X 
Pusan 4,500,000 X 
Qingdao 603.018 X 
Reykjavik X 
Richards Bay Corporatisation 
Riga X 
Rostok X 
Rotterdam- 4,789,000 X 
San Juan 1,539.00 X 
Santos 817,848 X 
Savannah 606,045 X 
Seattle 1,500,000 X 
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Shanghai 1,526,000 X 
Singapore 11.850,000 Corporatisation 
Southampton 682,811 X 
Sydney 670,000 X 
TPrioic 1,400,000 X 
Tacoma 1,080,263 X 
Taichung 435,718 X 
Tallinn X 
Tianjin 700,000 X 
Tilbury 320,504 X 
Tokyo 1,844,423 X 
TPerak 460,500 X 
Valencia 640,000 X : 
Vancouver 500,000 X 
Yokohama 2,703,000 X 
Zeebrugge 555,000 X 
Zhuhai 243,633 X 
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APPENDIX n - Country breakdown of global amount raised from privatisation 
Table 1. Country breakdown of global amount raised from privatisation^ 
USSmSIion 
1990 1991 1992 1993 1994 1995 1996 1997 1998" 
Australta 19 1042 1893 20S7 1841 8089 9052 16815 7146 
Austria 32 48 49 142 • 700 1035 1251, 2020 2935 
Betgium - -
- -
956 649 2681 1222 1562- 1467 
1504 SOS 1243 755 490 3998 1770 11 
Czech . 1077 1205 994 442 469 
ReputjSc* 
4502 Dsnmartc 644 
-
• 122 229 10 365 45 
Rnland 
- -
229 1166 363 911 835 1999 
France - 12160 5479 4136 5099 8189 13467 
Germany* 
-
325 
-
435 240 
-
13228 1125 364 
Greece „ 35 73 44 553 1395 3892 
Hungary 38 470 720 1842 1017 3813 1157 1966 353 
Iceland 21 10 2 6 
-
4 129 
Ireland SIS 70 274 
-
1S7 293 
- -
ItaJy' -
-
1343 6493 7434 6265 27719 13619 
Japan 
- -
15919 13773 
-
6379 4009 6641 
Korea 
- - -
817 2435 480 1856 539 600 
Luxembourg 
-
-
- - - - - -
Mexteo 3122 10757 6859 2503 766 167 73 2690 995 
NeSierfands 7ie 179 - 780 3766 3993 1239 831 335 
New Zealand 3895 17 967 630 29 264 1839 
-
441 
Noiv,iay 73 
- - -
118 521 660 35 28 
Portugal 1192 1198 2326 500 1132 2425 3011 4968 4271 
Poland 23 23 238 245 385 714 749 2179 2020 
Spain 172 
-
820 3223 1458 2941 2579 12522 11618 
Sweden 
-
378 252 2313 852 785 1055 172 
Switzerland 
- - - - -
-
-
4426 
Turkey 321 224 438 644 461 530 290 457 1009 
UtSted 12906 21825 604 8523 1341 6591 7610 4544 
-ffttgdom" 
3100 United 
- - - - -
-
-Stales 
Total OECD 24657 37430 16632 54993 47334 52553 69344 95947 86009 
afv/h!ch: 15S62 24090 4247 29573 24940 32765 44518 66812 58341 
EU15 
other 5078 10413 19S4S 23976 13111 21115 27911 57S2r 28533 
countries* 
Global total 29735 47843 36477 78969 65445 73668 97255 153774 114542 
..Not available. 
-Nilorindgnificant 
p: Pravta'onal. 
1. Ttie amounts shov/n are gross proceeds from ptivatteatton. These do not necessarily coaespond to the net amount available to 
the government Ttie figures are on a calendar year basis and Uiey may not add up to put^ shed budget figures. 
2. There were no federal privatisations In 1997. Provincial data are cunently not available. 
3. Ttm oumufafive amount for 1991-1993Is USS 2240 mBlTon. 
4. Up to 1997, infoimatlon on trade sales Is not available. 
6. Induding convertible bond Issue (INA) of US$ 2055miBlon in 1986 and indirect privatisations rising US$ 2658 million hi 1996 
and USS 2620 million In 1997. 
6. sales amounBng for years 1S90 to 97 {fiscal ysats): £ 5347miniwi, £ 7^4 mUllon. £ 8189 mBIIon, £ 5453 mHion, £ 6429mifllon, 
£2439 million, £ 4S00 niillton respecfively. 
7. Source fw 1997-98 Is (FR Securities, and for 1990-96W«ld Bank and SBC Warburg. 
5otffces.-Naflona! slatis8cs unless otfien/iiise indicated. 
162 
APPENDIX m- Paper presented in Seoul 
TopicAreai 
A2 Maritime Transport and Ports 
Paper Numben 
1203 
Autliors: 
V.F.VALENTINE andlLGRAY 
Title: 
The measurement of port efficiency using data envelopment analysis 
V.F.Valentine and R. Gray 
Institute of Marine Studies, University of Plymouth, Drake Circus, Plymouth, PL4 8AA 
United Kingdom 
Email: vvalentine(S>,plymouth.ac.ukand rgray@plymouth.ac.uk 
Telephone: +44 (0) 1752 232465 
Fax 444 (0)1752 232406 
ABSTRACT 
Understanding performance is a concept fundamental to any business, whether it is the 
measuring of achievements against set goals and objectives or, against the competition. 
Ports are no exception and it is only by comparison that perfonnance can be evaluated. 
Ports are, however, a complex business with many different sources of inputs and 
outputs which makes direct comparison among apparently homogeneous ports seem 
difficult. The subject is further compUcated by the various types of port ownership and 
organisational structures that exist throughout the world. 
This paper investigates the efficiency of differently owned container ports, comparing 
privately owned ports against those remaining in the public sector, and those, that have 
elements of both public and private ownership patterns. In addition, the organisational 
structure will be analysed and classified. The paper seeks to determine whether there is 
a particular type of ownership and organisational stracture that leads to a more efficient 
port. The results of this paper should assist govenmients, port administi-ators and port 
owners in determining the different ways they can stracture their ports. 
Key words: 'Port', 'Container', 'Privatisation' and 'Data Envelopment Analysis' 
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1. INTRODUCTION 
Understanding perfonnance is a concept flindamental to any business, whether it is the 
measuring of achievements against set goals and objectives or, against the competition. 
Ports are no exception and it is only by comparison that performance can be evaluated. 
Ports are, however, a complex business with many different sources of inputs and 
outputs which makes direct comparison among apparently homogeneous ports seem 
difficult. The subject is fiirther complicated by the various types of port ownership and 
organisational stinchires that exist throughout the world. During the last two decades 
the ownership of one of the most important trade entiy points into any country, the 
seaport, has changed firom being solely in the hands of national or local govemments 
into, either wholly or partially, private hands. It is this change, which is called 
privatisation, that has attracted much interest fi-om both academics and those working 
within the industry. This paper will look at how seaports are owned and how their 
struchire is organised to determine whether these factors have any relation to its 
performance. This paper will use a technique called Data Envelopment Analysis O^EA) 
to assess the relative efficiency of a sample of ports and cluster analysis to examine 
their organisational structures. The results of this paper will help serve as a guide for 
govemments, port administirators and port owners on the different ways in which they 
can stracture their ports to lead to greater eflSciency. 
2. BACKGROUND 
Privatisation is a concept rather than an actual definable process. The word came into 
bemg during the late 1960s and was later athibuted to the U K government's reforms to 
ownership and operation of numerous companies managed by the state. Chapman 
(1990) has accredited Dracker (1969) as the author of the word 'privatization' in its 
American spelling. The actual process of implementing privatisation is not however a 
new concept. Neither can it be said to have originated in the UK. It was rather a 
christening of an established process, a ren^ssance of an earlier idea on the ownership 
and management of a company. What can be smd is that the extent to which the U K 
govemment pursued this course of action certainly attracted attention firom other 
countries which no doubt contributed to the sudden global desire to privatise during the 
1980s. A comprehensive review of privatisation methods is given in Abdel-Fattah et al 
(1999). 
Privatisation in developing countries is often the first phase in a process of industrial 
liberalisation and a move towards industrial progression. Viewed as this first step 
towards creating firee trade it has therefore not surprisingly been a high priority for 
developing countries. It begins with the transfer of absolute control of industry away 
firom the govemment to private partners with particular expertise. The reasons for this 
change are numerous but can be summarised as follows: improvements in efficiency 
through private sector management skills; enhancement of service quality throu^ 
unproved commercial responsiveness; reduction in the fiscal burden of loss-making 
state enterprises or the need for the fiiture subsidy; a reduction in the fiscal demands on 
central and local govermnent through access to private sector capital; and additional 
revenue streams (Port Development Intemational, March 1999). 
The value of world-wide privatisations in 1999 grew by 10% over the preceding year 
providing govemments with US$145 billion (Washington Times 2000). Some countiries 
have rapidly progressed towards the goal of privatisation whilst others have been 
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hindered by poUtical, fiscal or labour influences, or a general unwillingness to accept 
change. 
One of the 'problems' with privatisation is the perception that it reduces jobs. Indeed, 
this is often the immediate reality in many industries that are privatised, as companies 
no longer have to accept restrictive ehiployment practices. The longer term view that it 
creates efficiency, profitability and growfli is not an issue considered by those faced 
with the prospect of redundancy. 
3. OWNERSHIP STRUCTURE 
Cass (1996) in his study of world port privatisation concluded that there were only 
really three types of port ownership: public, private or jomt public/private. He points 
out that the most common type of port privatisation are (1) the sale of operating 
concessions, (2) joint public/private ventures, (3) private orientated but port authority 
controlled operating subsidiaries, (4) the 'corporatisation' of govemment port agencies 
or (5) the dissolution of govemment ovraed cargo handling monopolies. The 'lock, 
stock and barrel' approach of Great Britain and New Zealand are the exceptions. The 
degree of public involvement is naturally dependent upon national ideology. Cass 
(1996) and Heikkila (1990) botii state the examples of the United States where the 
mumcipal authority plays a major part in the operation of the port. There ports compete 
against other ports along the coast for business. However, at the other end of the scale 
is Taiwan where the admmistration of the ports is centralised. 
Boardmari and Vinning (1989) found that certain types of ownership stracture the state 
owned enterprises and mixed ownership entities performed substantially worse than 
similar private companies. They concluded that there were performance differences 
between public and private compames in competitive environments and, that where 
there was a partial privatisation, the performance was sometimes worse. They claimed 
that conflicting ideolo^es between the two different owiiers cause what they term 
'cognitive dissonance'. However, Bos (1991) looked at what Tandon (1997) called "the 
survey of all the surveys" on the efficiency of public and private firms and came to the 
opinion that Boardman and Vinning (1989) had direcfly opposing views firom a. 
previous study by Borcherding et al (1982). Tandon's (1997) explanation of these 
apparent conflicting views relies not upon the ownership stracture but upon the market 
conditions in which they operate. Private firms are likely to be in a more competitive 
environment and thus more in tune with the need to be efficient than pubUc enterprises 
that perhaps operate in a restrictive environment. He argues that in studies involving 
pubKc and private frnns in the same business, such as airlines, some private airiines are 
more profitable but on balance it is approximately equal. This research aims to see 
whether this is the case for ports. 
Caves et al (1982) in looldng at United States private railways and Canadian public 
railways concluded that the Canadian pubUc firm was more efiBcient. Tandon (1997) 
states that the process of identifying which approach is more efiicient depends upon 
disentangling ownership fi-om the effects of deregulation and competition. De Alessi 
(1980) states that not only are govemment firms less efficient but are also less 
successful in satisfying the consumer's needs. Everett and Robinson (1998) in their 
research into Australian port reform suggest that the "coiporatization" of some ports 
has not resulted in the liberalisation and the near private perfbrmance that was 
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anticipated. Freeh (1980) in looking at the role of property rights within the firm 
suggests that if the ownership structure is attenuated this leads to lower firni wealth and 
more non-pecuniary benefits. Thus, privatisation, by shortening the ownership structure 
should have an opposing effect. Likewise the organisational stixicture should also play a 
significant role by suggesting that simple stiiictures be inherently more efficient than 
the more complex machine bureaucracy and divisional structures. 
4. ORGANISATIONAL STRUCTURE 
Roe (1999) in looldng at the newly privatised subsidiaries of the state owned Polish 
Ocean Lines observed that there was a desire to avoid control fi'om the parent company 
and to change the organisational stmcture soon after privatisation. Mintzberg (1979) 
looked at organisational stmctiires and reached the conclusion that there are essentially 
five different types of organisational stincmre. They are called simple stracture, 
machine bureaucracy, professional bureaucracy, divisional stracture and'adhocracy. As 
far as ports are concemed only three of these seem to fit into the modem day port 
strachire. First let us consider the options that do not fit. The adhocracy does not fit into 
the stracture of any port because of its lack of rigidity. Suitable for software companies 
and film producers, its role within a port would likely lead to chaos. Ports requhre 
careful plaiming and development based upon what may be needed 10 or 20 years into 
the future. Without the rigidity of a formal stracture each element in the chain would 
not know the whole pictiire, only the person at the top may see everything. Likewise 
the professional bureaucracy is not suitable in a port because of the routine and 
repetitive tasks that are commonplace within a port's day to day service. The 
professional bureaucracy is typical of industiies that require highly professional people 
to perform routine tasks in an unsupervised manner such as solicitors and accountants. 
Whilst professional people are required in certain areas of port activity, and quahfied 
personnel are needed to operate expensive and dangerous machinery, a professional 
bureaucracy would not be appropriate. This leaves us with the three remaining 
stractures that are prevalent in the port industry, viz. sunple stracture, machine 
bureaucracy and di-wsional stracture. 
The simple stracUire is the most flexible, allowing separate divisions/departments 
reporting straight to the top decision-maker. As the name suggests it is usually the first 
stage through which a company progresses in its evolution. This stracture by its 
simplicity is therefore likely to be the most eflficient. 
The machine bureaucracy is characterised by its many departments reporting up a chain 
of command to a Une manager before reporting to the top decision-maker. Because the 
decision making has to follow a long process before it reaches the top, decisions tend to 
be slower. These stractures tend to be found in government owned enterprises and 
hence the inclusion of port bodies and corporatisation in this category. 
The divisional strachire occurs when companies operate within large areas. Each 
department has to report to a regional office that in tum reports to a select group of 
managers before information is passed to the top decision-maker. This stracture caa be 
best seen in the municipal ports of the U K and the port societies of Columbia. These 
divisional stractures tend to operate where there are joint public/private enterprises or 
where conglomerates own the port. 
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5. METHODS OF ANALYSIS 
For the purpose of this research data was collected from a sample of thirty one 
container ports from the top 100 container ports as pubHshed annually by Cargo 
Systems joumal. The data relates to 1998, this being the latest avdlable at the time this 
research was conducted. 
5.1. Measuring Efficiency 
Table 1 shows the raw data that will be used to measure the relative efficiency of the 
sample ports. The method adopted for this analysis is Data Envelopment Analysis 
(DEA). DEA is an established statistical technique that measures the relative 
efficiencies of units where simple efficiency measures are difficult to obtain (Earrell 
1957 and Chames et al 1978). The main attraction of DEA is that it can deal with 
multiple inputs and outputs. The units in any DEA assessment are generally 
homogeneous and independent units performing the same fimction, and it is of most 
use where there are a large number of units providing an 'identical' service in relative 
isolation (Szczepura et al 1992). DEA was fkst developed as a way of measuring 
service units by Chames et al (1978) and was based upon Farell's (1957) idea of 
linking the estimation of technical efficiency and production frontiers. The model has 
since been added to and developed over the years. Between 1978 and 1992 over 400 
articles, books and dissertations were pubUshed on DEA (Chames et al 1995). 
Warwick Business School has pioneered the research and is regarded as one of the 
leading institutions working in this field. DEA has been successfully used to research 
airports (Gillen and Lall, 1997 and De La Cmz 1999), local govemment authorities, 
courts, hospitals, general medical practitioners and bank branches to test efficiency 
where there are multiple centres of inputs and outputs. Its application to the port 
industry would therefore appear to be ideal. There have however only been a few 
studies involving seaports using DEA. Martinez-Budria et al (1999) and Tongzon 
(2001) are two studies using Spanish and Austi-alian ports, respectively. Roll and 
Hayuth (1993) m a hypothetical study state that DEA is a most suitable tool for 
measuring port efficiency. 
Sachis (1996) looked at the different techniques for measuring productivity and 
confirmed DEA's usefulness. However his research adopted an engineering method to 
take account of the technological investments when looking at the efficiency of Israeli 
ports. Various other shidies have used the assessment of productivity based upon output 
per worker (DeMonie 1987) or output per wharf (Frmikel 1991), whilst others use 
production fimctions (ECim and Sachish 1986, DeNeuftdlle and Tsunokawa 1981). 
Gillen and Lall (1997) looked at airport terminals and chose two outputs, number of 
passengers and pounds weight of cargo. They chose six inputs: number of mnways, 
number of gates, terminal area, number of employees, number of baggage collection 
belts and number of public parking places. They conclude that the number of gates has 
the greatest overall effect upon efficiency. In terms of ports, gates, which facilitate the 
loading of the cargo, could be equated to loadmg cranes, and ranways to berths. 
Efficiency can simply be expressed as a ratio of output to input provided that the 
product only produces one output. However, as most institutions produce multiple 
outputs from multiple inputs each variable must be given a weighting to produce a 
more accurate result. Efficiency then begins to resemble the sum of weighted outputs 
over the sum of weighted inputs. As the method of weighting can be biased towards 
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any particular outcome, the DEA technique allows for each.weighted input/output to be 
seen in its most favourable Ught. A greater number of variables entered into theformula 
means less emphasis on any particular piece of data. Therefore Szczepura et al (1992) 
argues that the number of variables should be kept to as low as possible. Weighting has 
also been omitted within this calculation to reduced the possibility of ainbiguous 
results. 
5.2 Analysing Organisational Charts 
Once the organisation charts of the selected ports had been collated it was necessary to 
classify the ports into the three organisational types, as identified by Mintzberg (1979) 
and discussed above. The variety of sizes and styles of organisational chart made the 
identification process arduous but not impossible. Mintzberg (1979) identified several 
different organisational structures that could be applied to any business. The three 
struchires identified earUer as being relevant to ports were simple, divisional and 
machine bureaucracy structures. The simple structure is simply two layers, the 
di\asional strachare "short and narrow" and the machine bureaucracy "tall and fat". 
When it came to applying these three distinct types of organisation to the actual 
organisational of ports several, or indeed most, did not appear to fit. Therefore it was 
necessary to convert each chart into a numerical format in order that it could be 
analysed on a more objective basis. Because each stmchire as identified by Mintzberg 
(1979) has a characteristic shape to it; it was decided that the most accurate method of 
equating the organisation model to a formula was to give numeric values to the number 
of units, divisions and layers. The number of units represented each acti\dty within the 
organisation. Each activity is the process, responsibility, function or undertaMng that is 
being generated such as the maintenance or accounting departments. Al l companies 
consist of such functions which combined represent the entire activity of the business. 
The divisions within an organisation chart were determined by the number of distinct 
vertical linear pathways. Where there was littie or no interaction between these distinct 
vertical linear pathways it could be evidenced that these were separate divisions that 
operated on a vertical reporting structure characteristic of a divisional organisation. In 
this type of organisation, because of the vertical reporting stiiicture, it is sometimes 
commonplace for departments working in parallel not to be aware of what each other is 
doing. In terms of ports, divisions such as technical and administration and planning 
could be present within a large port or the di^ dsions may occur where several ports are 
grouped together under one ownership. The next characteristic to be analysed 
numerically was the linear stratification amplitude or the number of layers apparent 
within the organisation structure. Layers traditional start at the top with the board of 
directors and down through the chairman, human resources, etc. 
5.3 Cluster Analysis 
Cluster analysis is one of a group of multivariate techniques. As the name implies 
cluster analysis is a statistical technique which sets out to solve problems in data by 
grouping together similar individuals or objects into clusters. The members of the 
clusters are more alike to each other than members of other clusters. Thus the aim of 
cluster analysis is to interpret the variables by placing them into new groups that can be 
easily understood (Aaker et al 1995). It is used in a multitude of disciplines such as 
psychology, biology, sociology, economics, engineering and business (Hair etal 1995). 
It is similar to factor analysis but whilst factor analysis is concerned with grouping 
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variables, cluster analysis groups objects together. It is particularly useful as a data 
reduction technique when there is a large amount of data that would prove arduous to 
interpret. By grouping the results into clusters or groups it is then easier to understand 
what each group represents and thus its place in the overall picture. Whilst it is 
commonly used in an exploratory role it can also be used to test hypotheses by 
comparing the results with the researcher's expectations. As with factor analysis, 
cluster analysis is not a statistical inference technique where parameters from a sample 
are said to be indicative of the entire population. On the contrary, cluster analysis is an 
objective methodology for quantifying the structural characteristics of a set of 
observations. Hair et al (1995) state that care should be used when relsdng upon the 
results of cluster analysis because of the degree of input and interpretation need by the 
researcher. They state that cluster analysis is more of an art than a science but used 
cautiously the results can be very informative. 
The process begins by selecting the variables to be included into the process. It is then 
the researcher's choice as to how many clusters are included. These two points are 
hence fundamental in the fmal results. The actual variables selected in this research are 
four and the required number of clusters was three. The results of the analysis showed 
that although tliree distinct clusters could be shown, two distinct clusters were evident. 
5.4 Discriminant analysis 
Discriminant analysis is similar to cluster analysis in that it attempts to divide 
individuals and not variables into distinct groups. Discriminant analysis differs from 
cluster analysis in that the number of characteristics derived from the clusters are not 
usually known before the analysis and the group numbers and membership are 
predicted. Discriminant analysis creates a regression equation that uses a dependent 
variable that is discrete rather than continuous (George and Mallery 1999). It uses pre­
existing data in which group membership is already knoAvn, a regression equation can 
then be calculated that discriminates between the groups. This pre-existing data comes 
from previous studies for which the groups and results are already known. 
6. ANALYSING THE RESULTS 
Ports are a complex business with many different sources of inputs and outputs. Van 
Niekerk (2000) states that, because of the complexity of ports, not even the inputs and 
outputs can be easily defined and applied to seemingly homogeneous ports. However 
this problem can to some extent be overcome by using multiple inputs and outputs. As 
mentioned earlier, there are two methods of analysis in this research, DEA that relates 
to port efficiency and cluster analysis to organisational stiiicture. 
For the purpose of this research the output variables to measure the efificiency of a port 
are contmner throughput and total throughput (i.e. the quantity of goods transported by 
the port from which it generates its main income). Container throughput is used 
because it is the primary source of comparison between container ports. The reason 
that the total throughput figure is being used is because it ^ ves the exact output of the 
port as a single homogeneous figure that represents all of the cargo transported. It is 
also a figure used by all ports to measure the level of busmess transacted. It means that 
the number of containers and amount of bulk cargo transhipped are converted to a 
universally accepted cargo throughput figure to enable comparisons of size. Marx 
(1970) m his treatise on the nature of class and its relationship to the means of 
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production listed three fundamental aspects of modem capitalism, which are land, 
labour and capital. These three elements represent the essential components of modem 
companies. Thus in order to compare companies it makes sense to analyse these 
ubiquitous elements. In terms of ports land can be said to be the area owned by the port, 
labour the number of employees and capital the net assets of the port. Thus bearing this 
in mind, it was originally thought necessary to include profit and the net assets of the 
port into the equation, since these are the end factors which all ports seek. However, a 
preliminary study conducted by one of the autiiors found that these figures were 
invariably only available for ports that were publicly owned or publicly listed on a 
stock market. Manpower, being second on the. list, was also a factor originally thought 
worthy of inclusion. As ports become privatised they tend to reduce their number of 
employees to more profitable levels. However, with some ports that were owned by 
joint pubUc and private companies the information was difficult to ascertain. A port 
authority may openly state that it employs, say 100 people, but within the port there 
could be several terminals each employing another 100 persons, thus making an unfair 
comparison between some ports. For example the port of Melboume vwth a throughput 
of around 42mt states tiiat it employs 81 personnel, and Mumbai which has a 
throughput of 30mt claims to employ over 24,000 personnel. Clearly such a 
discrepancy between these two figures reveals that there must be a difference in the 
way the figures are computed since they suggest that it takes 300 people in India to do 
the same a one person in Australia. Although it could be argued that there may be a 
higher use of equipment in the more industrial Austiralia this factor alone would seem 
an inadequate explanation. Next on Marx's list is land; in the case of ports the total area 
of the ports was calculated differently by different ports. Some ports chose to include 
the area of water encompassing the port's boundaries whilst others only measured 
actual land. Thus, in order to overcome this lack of uniformity of measurement within 
the industiy in calculating land and labour, the authors decided to use quay length (both 
container and overall quay length). Thus in summary the input of length of container 
quay will be compared against the output of contmner throughput and total quayage 
against total throughput. 
6.1 Results from the Application of Data Envelopment Analysis 
The results of table 2 relate to DEA and show that by applying this analysis three ports 
are considered to be 100% efficient. The results show that the two most efficient ports 
are also the world ranking number one and number two ports in terms of container 
throughput. The inclusion of Santos as holder of joint first place shows that this port for 
its size is relatively efficient. 
The calculations are capped at 100% since this is the maximum efificiency that can be 
reached. If however this cap is removed then the relative eflficiency rating for the ports 
are Santos, 145.22, Singapore 166.72 and Hong Kong 181.12. This means that Hong 
Kong is the most efficient container port examined m this study. The gap between the 
so-called top 3 who scored 100% and that of fourth position, Houston, is quite 
considerable. Houston has a relative efficiency rating of 69.86, is approximately half 
that of Santos. This difference may result fi-om the main priorities of the top three ports 
being container traffic, whereas the other ports in the study seem to diversify into other 
areas. The valued added through adopting this method of research is that ports are 
analysed for their relative efficiency. Therefore with more ports added or subtracted, 
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the relative efficiency will change. Ports in certain regions can also be compared with 
those from another, helping to highlight regional differences that may exist. 
6.2 Results from the Application of Cluster Analysis 
Table 3 shows the numeric values awarded to each port in terms of the above 
mentioned three distinct organisational criteria, viz. units, divisions and layers. Thus, 
we can see in the second column that if cluster analysis is required to provide three 
distinct clusters then all those ports appearing in cluster one are represented in column 
two with the number T . Similarly, those falling into clusters two and three are also 
marked with the number '2' or '3 ' . Column three provides the results if only two 
clusters are required. It can be seen that the distinction between clusters two and three 
is not as strong as between one and two. 
The next three columns show how many units, divisions and layers each of the thirty-
one ports have present. Thus, reading from the top of the list we can see that the port of 
Antwerp has ten operational units, three divisions and three layers. Compare this with 
Aucldand, the first port alphabetically in cluster two, which has 30 operational units, 
five divisions and nine layers. 
If however we look at the characteristics of each cluster we can see that the ports in 
cluster one have an overall average number of fourteen units, six divisions and five 
layers. In comparison with the other two clusters we can determine that the 
characteristics of cluster one are that it has few units, a medium horizontal range of 
division and a short vertical range of layers which is reminiscent of the simple 
struchire. This differs substantially from the "ideal" example given by Mintzberg 
(1979) of a simple stmcture two layers deep and elongated horizontally. It shows that 
the stmcture of a port can contain several layers and divisions but the key element of 
this cluster is that it must have very few fimctional units 
In cluster two the average number of units is almost two and a half times that of cluster 
one at thirty four units. The average number of divisions are four and the number of 
layers nine. The key characteristics of cluster two are that it contains several units, is 
narrow horizontally and medium sized vertically. The conclusions drawn from this are 
that this cluster is reminiscent of the divisional stracture described by Mintzberg 
(1979). 
Cluster three contains the largest number of numerical units at thirty eight vwth the 
most divisions (eight) and again the most layers (ten). Ports within this group have 
organisational stractures with copious units, are wide horizontally and long vertically. 
The seventh column contains the results of the application of Data Envelopment 
Analysis appUed to the inputs and outputs of the ports as discuss earUer and shown in 
table 1. Column eight represents the ownership stracture of the port. The ownership 
stracture has been divided into the three distinct types of port that exist, i.e. public, 
private and joint public/private (p/p). As can be seen from columns seven and eight no 
one particular cluster has a plethora of any particular ownership partem or eflficiency 
rating. Thus shows that there is a fau: distribution of the different types of ownership 
stracture and efificiency of ports among the clusters, The value of adopting cluster 
analysis is that it allows for scientific analysis to estabUsh which organisational charts 
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are similar to others without any bias from the author entering the calculation. Cluster 
analysis allows for a grouping together of ports that are not disshnilar in characteristics 
based solely upon the parameters specified, which in this case are uiiits, divisions and 
layers. 
7- OWNERSHIP AND EFFICIENCY 
Table 3 also shows the average number of ports owned for the three different port types 
as defined by Cass (1996) and the average efficiency rating for each cluster. Thus, we 
can see from cluster one that out of the sample of thirty one ports, nine are 
pubKc/private, seven public and four private. The ports falling into cluster one have an 
average efficiency of 43.54. Of the eighteen ports that fall within cluster one, eleven 
have some form of private ownership. In cluster two there arenine ports, of which eight 
contain some form of private ownership, with an average efficiency of 35.84%. In 
cluster three, two of the four ports contain private ownership with an average efficiency 
rating of39.92%. 
Applying discriminate analysis the results-were exactly the same as for cluster analysis. 
This therefore confirms the results of cluster analysis as being reliable. By placing the 
results from the efficiency analysis and the numerical values assigned to the 
organisational charts into cluster analysis it has shovra that the most efficient 
organisational structure is the simple structure. The ownership structure on the other 
hand does not seem to have a bearing upon the efficiency as there is no ownership type 
dominant within any one cluster. The difference between the efiSciency of the tliree 
clusters is only mar^nal and i f it is assumed that there are only two clusters the average 
efficiency is 37.09%. However assuming that there are three natural clusters as 
identified by cluster analysis, the implications for reform within the port industry would 
show that bureaucracies do work. If a port is contemplating chan^ng from a machine 
bureaucracy to a divisional structure then the benefits in terms of efficiency are 
debatable. 
8. CONCLUSION 
The results show that cluster analysis can be applied to analysing organisational charts. 
The results enable clearly defined types of organisational structures to be identified and 
also confirm that ports can be defined into the categories identified by Mintzberg 
(1979) i.e. shnple, divisional and machine bureaucracy. Furthermore the use of DEA as 
a means of testing container port efficiency has also proven successfiil in helping to 
highlight the characteristics of an efficient port. The results show that the simple 
structure is the most efificient form of organisational structure, whilst ownership 
structure does not appear to have any significant influences upon efificiency. 
Predictions can also be made on the performance of a port by examining its 
organisational chart to determine which of the Mintzberg (1979) categories is 
applicable and the likely efificiency rating. Organisational restructuring of an inefificient 
port must not been seen in its own right to be the panacea, but must go hand-in-hand 
with new financing and investment. The recommendation for port managers is to 
implement a structure that is shnple in nature and therefore robust and reflective to 
changing environments. 
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Table 1. Raw data before being analysed using DEA 
Port Naof Total tons Total Length of Container berth 
Containers ' throughput berth length 
(metres) (metres) 
Antwerp 3,265,000 119,788,549 62,052 8,859 
Ashdod 364,000 16,194,000 3,496 480 
Aucldand 526,300 4,200,000 6,046 610 
Felixstowe 2,461,823 30,025,285 3,972 2,773 
Genoa 1,265,593 46,681,644 18,375 1,720 
Halifex 435,425 14,018,831 5,948 981 
Hamburg 3,546,940 75,821,000 25,941 11,615 
Hawaii 1,082,346 6,567,637 9,202 3,808 
Hong Kong 14,582,000 167,170,000 13,801 6,059 
Houston 968,169 169,100,000 24,648 4,378 
Kaohsiung 6,271,053 98,203,000 25,800 7,790 
Keelung 1,621,222 26,601,000 7,730 3,090 
Laem Chabang 1,425,000 13,743,000 3,350 1,600 
LasPalmas 490,577 7,912,000 9,900 1,744 
Le Havre 1,320,000 66,407,000 15,037 5,225 
Lisbon 364,320 11,251,000 16,000 1,530 
Long Beach 4,100,000 60,800,000 18,182 6,001 
Los Angles 3,378,218 82,126,624 13,758 6,005 
Ivfanila 1,856,372 30,868,000 9,138 1,300 
Melboume 1,125,748 42,108,000 12,969 2,368 
Mumbai 503,310 30,970,000 8,629 1,056 
Port Everglades 704,390 21,000,000 7,642 2,112 
Santos 859,500 39,940,386 13,004 510 
Seattle 1,544,000 13,000,000 22,912 5,378 
Singapore 15,100,000 313,322,000 25,884 5,810 
Southampton 846,257 35,000,000 10,053 1,350 
Sydney 801,081 16,450,000 5,888 950 
Tacoma 1,156,500 8,612,765 11,825 2,268 
Tanjung Priok 1,609,340 30,903,000 9,205 2,440 
Vancouver 800,000 71,933,000 11,243 3,030 
Zeebmgge 776,357 33,283,000 10,770 3,085 
N.B. The column labelled 'No. of Containers' represent data derived firom 1998 and pubhshed by Cargo 
System Journal in July 1999. The soiuce for the data represented in the remaining columns is derived 
from Fairplay World Ports Encyclopaedia for the year 1998. 
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Table 2. Relative efficiency rating of sample ports 
Port Relative Worid Ranking Efficiency 
Efficiency (1998) RanWng 
Hong Kong 100 2 1 
Santos 100 54 .2 
Singapore 100 1 3 
Houston 69.86 48 4 
FeUxstowe 62.41 14 5 
Ashdod 58.98 95 6 
Manila 54.94 19 7 
Vancouver 52.85 59 8 
Mumbai 50.36 74 9 
Los Angeles 49.28 8 10 
Soutfaanq)ton 45.17 55 11 
Genoa 44.39 34 12 
Laem Chabang 40.26 29 13 
Le Havre 36.47 30 14 
Auckland 33.20 75 15 
Sydney 32.45 58 16 
Melboume 32.27 43 17 
Kaohsiung 32.23 3 18 
Keelung 28.41 24 19 
Tanjung Priok 2773 25 20 
Long Beach 27.63 6 21 
Halifex 25.61 86 22 
Zeebmgge 25.52 61 23 
Hamburg 24.13 7 24 
Antwerp 23.77 9 25 
Port Everglades 2270 64 26 
Tacoma 19.62 37 27 
Lisbon 12.08 94 28 
Hawau 11.75 41 29 
Seatde 11.12 27 30 
LasPalmas 10.82 76 31 
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Table 3. An analysis of ports by organisational and ownership structures using cluster and data envelopment analysis 
Port 3 Clusters 2 Clusters Units Divisions Layers DEA Ownership 
Antwerp 1 1 10 3 3 23.77 p/p 
Ashdod 1 1 14 9 8 58.98 public Cluster 1 Characteristics 
Felixstowe 1 1 12 10 4 62.41 private Average Units 14 Few Units 
Hawaii 1 1 7 4 3 11.75 public Average Divisions 6 Medium horizontally = Simple 
Hong Kong 1 1 10 5 4 100 private Average Layers 5 Short vertically 
Laem Chabang 1 1 12 8 11 40.26 p/p p/p 8 
Lisbon 1 1 23 12 7 12.08 public Public 7 
Long Beach 1 1 16 6 6 27.63 p/p Private 3 
Melboume 1 1 9 3 7 32.27 p/p Total 18 
Mumbai 1 1 20 8 7 50.36 public Average Efficiency 43,54 
Port Everglades 1 1 11 7 3 22.7 public 
Santos 1 1 19 5 5 100 private Cluster 2 Characteristics 
Seattle 1 1 20 3 3 11.12 p/p Average Units 34 Several Units 
Singapore 1 1 10 7 4 ioo pubUc Average Divisions 4 Narrow horizontally = Divisional 
Sydney 1 1 10 5 4 32.45 p/p Average Layers 9 Medium vertically 
Taooma 1 i 11 5 5 19.62 public p/p 6 
Vancouver 1 1 16 5 3 52.85 p/p Public 2 
Zeebrugge 1 1 16 8 3 25.52 p/p Private 1 
Auckland 2 2 30 5 9 33,2 p/p Total 9 
Genoa 2 2 33 3 5 44,39 p/p Average Efficiency 35.84 
Hamburg 2 2 29 3 11 24.13 p/p 
Kaohsiung 2 2 33 4 5 32,23 public Cluster 3 Characteristics 
Keelung 2 2 37 3 7 28.41 public Average Units 38 Copious Units 
Las Palmas 2 2 29 2 16 10.82 p/p Average Divisions 8 Wide horizontally = Machine 
Los Angeles 2 2 31 5 13 49.28 p/p Average Layers 10 Long vertically Bureaucracy 
Manila 2 2 26 3 11 54.94 p/p p/p 2 
Southampton 2 2 29 5 3 45.17 private Public 2 
Halifax 3 2 42 7 11 25.61 p/p Private -
Houston 3 2 36 6 11 69.86 p/p Total 4 
Le Havre 3 2 36 8 10 36.47 pubUc Average Efficiency 39,92 
Tanjung Priok 3 2 38 10 9 27.73 public (key: p/p = public/private) 
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Introduction 
Understanding performance is a concept fundamental to any busmess, whether it is the 
measming of achievements agahist set goals and objectives or, against the competitiorL 
Ports are no exception and it is only by comparison that performance can be evaluated. 
Ports are, however, a complex business with many dhSferent sources of inputs and 
outputs which makes direct comparison among apparentiy homogeneous ports seem 
difScult. The subject is fiirther compUcated by the various types of port ownership and 
organisational stmctures that exist throughout the world. During the last two decades 
the ownership of one of the most hnportant trade entry pohits mto any country, the 
seaport, has changed from being solely in the hands of national or local govemments 
into, either wholly or partiaUy, private hands. It is this change which is called 
privatisation that has attracted much interest fi"om both academics and those working 
within the industiy. This paper will look at how these seaports are owned and how their 
stmcture is organised to determme whether these factors have any relation to its 
performance. The results of this paper will help serve as a guide for govemments, port 
admirustrators and port owners on the dififerent ways they can stmcture their ports 
which may lead to greater efificiency. 
Background 
Privatisation is a concept rather than an actual definable process. The word came into 
being during the late 1960s and was later attiibuted to the UK government's reforms to 
ownership and operation of numerous companies managed by the state. Chapman 
(1990) has accredited Dmcker (1969) as the author of the word 'privatization', in its 
American spelling. The actual process of implementing privatisation is not however a 
new concept. Neither can it be said to have origmated m the U K It was rather a 
christening of an established process, a renaissance of an earlier idea on the ownership 
and management of a company. What can be said is that the extent to which the UK 
govemment pursued this course of action certainly attracted attention firom other 
countries which no doubt contributed to die suddai global desue to privatise during the 
1980s. A comprehensive review of privatisation methods is given in Abdel-Fattah et al 
(1999). 
Privatisation m developmg countiies is often the first phase in a process of mdustiial 
Uberalisation and a move towards industrial progressiocL Viewed as tiiis first step 
towards creating free trade it has therefore not surprisingly been a high priority for 
develophig countries. It begins with the transferring of absolute control of hidustry 
away from the government to private partners with particular expertise. The reasons for 
this change are numerous but can be summarised as foUows: improvements in 
efificiency throu^ private sector management skills; enhancement of service quaUty 
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through improved commercial responsiveness; reduction in the fiscal burden of loss 
making state enterprises or the need for the future subsidy; a reduction in the fiscal 
demands on central and local govemment throu^ access to private sector capital; and 
additional revenue streams (Port Development Ihtemational, March 1999). 
More flian 40 countries have committed to some form of port privatisation and more are 
likely to do so (Cass 1996). Some countries have rapidly progressed towards this goal of 
privatisation whilst others have been hindered by pohtical, fiscal, labour or a general 
unwillingness to accept change. 
One of the 'problems' with privatisation is the perception that it reduces jobs. Indeed, 
this is often the hmnediate reality hi many mdustries that are privatised, as companies 
no longer have to accept restrictive employment practices. The longer term view that it 
creates efiBciency, profitability arid growfli are not issues that are considered by those 
faced with the prospect of redundancy. 
Ownership structure 
Cass (1997) in his study of world port privatisation concluded that there were only 
really three types of port ownership, pubhc, private or jomt pubhc/private. He pohits 
out that the most common type of port privatisation are (1) the sale of operating 
concessions, (2) jomt pubhc/private venture, (3) private oriaitated but port authority 
controlled operatmg subsidiaries, (4) the 'corporatisation' of govemment port agencies 
or (5) the dissolution of govemment owned cargo handling monopohes. The 'lock, 
stock and barrel' approach of Great Britain and New Zealand are the exceptions. The 
degree of pubhc involvement is naturaUy dependent upon national ideology. Cass 
(1997) and Heikkila (1990) both state the examples of the United States where the 
municipal authority plays a m^or part in the operation of the port. Here ports compete 
against other ports along the coast for bushiess. However, at tiie other end of die scale is 
Taiwan where the admmistration of the ports is centralised. 
Boardman and Vinning (1989) found diat dififerent types of ownership stracture, the 
state owned enterprises and mixed economies performed substantially worse tiian 
shnilar private companies. They concluded that there were performance differences 
between public and private companies in competitive environments and, that where 
there was a partial privatisation the performance was sometimes the worse. They cited 
that conflicting ideologies between the two different owners cause what diey term 
'cognitive dissonance'. However, Bos (1991) looked at what Tandon (1997) called the 
survey of all the surveys on the efficiency of public and private firms and came to the 
opinion that Boardman and Vinnmg (1989) were at dhrect opposing views with a 
previous study by Borcherding et al (1982). Tandon's (1997) explanation of diese 
apparent conflictmg views rehes not upon the ownership stracture but upon the market 
conditions in which they operate. Private firms are hkely to be in a more competitive 
environment and thus more in tune with the need to be efificient than pubhc enterprises 
that perhaps operate m a restrictive envirorunent He argues that in studies involving 
pubhc and private firms in the same business, such as airlines, sorne private ahlines are 
more profitable but on balance it is approximately equal. This research aims to see 
whether this is the case for ports. 
Caves et al (1982) in looking at Uiuted States private railways and Canadian pubhc 
railways concluded the Canadian pubhc firm was more efiicient. Tandon (1997) states 
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that the process of identifymg which approach is more efBcient depends upon 
disentanghng ownership from the effects of deregulation and competitioa Everett and 
Robhison (1998) in theu research into Australian port reform suggest that the 
corporization of some ports has not resulted hi the liberalisation and the near private 
performance that was anticipated. Freeh (1980) m looking at the role of property rights 
within the fhm suggests that if the ownership stmcture is attenuated this leads to lower 
firm wealth and more nonpecuniary benefits. Thus, privatisation, by shortening the 
ownership stmcture should have an opposmg effect. Likewise the organisation stmcture 
should also play a significant role by suggesting that shnple stractures be inherently 
more eflficient tiian the more complex machine bureaucracy and divisional stractures. 
De Alessi (1980) states that not only are govemment firms less efiBcient but are also less 
successful in satisfying the consumer's needs. Thus, efficiency of ports owned in a 
variety of ways needs to be measured and ^ plied to a conceptual model in order to test 
these notions. 
Organisational structure 
Roe (1999) in looking at the newly privatised subsidiaries of the state owned Pohsh 
Ocean Lines observed that there was a deshe to avoid control of the parent company 
and to change the organisational sttucture soon after privatisation. Mntzberg (1979) 
looked at organisational stractures and reached the conclusion that there are essentially 
five dififerent types of organisational structure. Simple, Machine bureaucracy. 
Professional bureaucracy. Divisional and Adhocracy. As far as ports are concemed only 
tiiree of these seem to fit into the modem day port stracture. First let us consider die 
options that do not fit The adhocraQ^ does not fit into the stracture of any port because 
of its lack of rigidity. Suitable for software companies and film producers, its role 
within a port would hkely lead to chaos. Ports require carefiil planning and development 
based upon what may be needed 10 or 20 years into the future. Widiout the rigidity of a 
formal stracture each element in the chain would not know the whole picture, only the 
person at the top may see everything. Likewise the professional biueaucraty is not 
suitable hi a port because of the routine and repetitive tasks that are commonplace 
within a port's day to day service. The professional bureaucraQ' is typical of industries 
that require highly professional people to perform-routine tasks in an unsupervised 
maimer such as solicitors and accountants. Whilst professional people are requhred in 
certain areas and quahfied personnel needed to operate expensive and dangerous 
machinery, a professional bmeaucracy would not be appropriate. This leaves us with the 
three remaining stractures tiiat are prevalent in the port industry, viz. simple stracture, 
machine bureaucracy and divisional. 
The simple stracture is the most flexible, allowing separate divisions/departments 
reportmg straight to the top decision-maker. As the name suggests it is usually the first 
stage throu^ which a company progresses through in its evolutioiL In the conceptual 
model this has been chosen as the best description of a private port owner. This 
shiicture by its simplicity is therefore likely to be the most efiBcient 
The machme bureaucracy is characterised by its many departments reporting up a chain 
of command to a line manager before reporthig to the top decision-maker. Because the 
decision making has to follow a long process before it reaches the top decisions tend to 
be slower. These stractures tend to be found in govemment owned enterprises and 
hence the inclusion of port bodies and corporatisation in this category. 
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The divisional sfructure occurs when companies operate within large areas. Each 
department has to report to a regional office that in tum reports to a select group of 
managers before information is passed to the top decision-maker. This stracture can be 
best seen in the municipal ports of the UK and the port societies of Chile. Theise 
divisional stractures tend to operate where there are joint pubhc/private enterprises or 
where conglomerates own the port. 
Conceptual model 
The use of models in looldng at the organisational and ownership stractures within the 
port industry is a necessity shice the theory of organisation and ownership stracture is 
abstract to tiie operation of the port In order to see how the stracture of the port can 
affect the efficiency of its operation the designing of models is imperative. The benefit 
of a conceptual model is that it enables real ports to be categorised and placed together 
according to their similarities. Ports that do not fit mto the defined categories enable the 
research to be developed fiirther by adaptmg the model and devising theories to take 
account of differences and previously unforeseen evenmalities. 
Using the three different types of organisation stracture and the four different methods 
of ownership, mentioned earlier, it has been possible to create the following table (1). 
There are of course many different combinations of port ownership dependmg on the 
percentage of ownership by any of the categories, but essentially they can be broken 
down into ten categories. 
Table 1 - Categories of port structures 
Ownership 
Structures 
Organisational Structures 
Public Pubhc simple 
stracture 
Pubhc divisional Pubhc bureaucracy 
Private Private simple 
stracture 
Private divisional Private 
biu-eaucracy 
Jomt 
Public/Private 
Private/Pubhc 
simple stracture 
Pubhc/Private 
divisional 
Private/Pubhc 
bureaucracy 
Mixed Mixed] Pubhc/Private/Municipal 
By usmg the above ten categories of ports the conceptual model seen in figure 1 has 
been designed. One of the findings reached by this work is that the organisational 
stracture of ports varies considerably throughout the world making it difficult to place 
certain ports into specific categories. Into this model were placed a random selection of 
ports to illusfrate its apphcability to the real worid. 
Ports may be divided mto three distinct types of organisations, die first is the private 
simple stracture, that of die wholly owned private company. This relates to the smgly 
owned private port such as Boston, U K The next is the public/private divisional 
stracture which hicludes ports such as Portsmouth. The third type of port ownership 
hsted is the machine bureaucracy which in terms of ports relates to the corporatisation 
which is present in South Afiica and Singapore. The corporatisation is in effect a pubhc 
concem which is due to be privatised within the near fiiture, it is commonly the stage 
before privatisation. 
182 
Figure 1 - Ownership and organisational stincftire apphed to ports 
It is possible that the labeUing itself may lead rise to opposition from within the industry 
because of the language used. To label a port such as Singapore as a machine 
bureaucracy will no doubt cause contention within its management, since the term 
machine bmemcTacy tends to denote a rather old fashioned and inefficient stmcture. 
However, the port of Smgapore rates as the largest m the world in terms of container 
tiurou^put with figures that consistently year after year compete with its strong and 
next biggest competitor Hong Kong. 
However, in the context of organisational theory, the term is not a derogatory label but 
refers to a system marked by pronounced procedures and regulations with die regularity 
and fimctionality of a clockwork machine. 
The relationship between both the stmcture of the orgarusation and it ownership has a 
direct influence on the decisions made by the company. This is therefore seen as an 
input into an equation with the ouqjut bemg efficiency. The research associated with 
this paper sets out to estabhsh whether the input functions have a bearing upon the final 
ouqjut, namely does stmcture, whether organisational or ownership affect efficiency. 
The results so far mdicate that it does. This has been further compounded by other 
research such as Boardman and Vmnmg (1989). 
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Technique 
Data Envelopment Analysis (DEA) is an established statistical technique which 
measures, die relative ejGBcienci^  of units where simple efficiency measures are difficult 
to obtam (Farrell 1957; Chames et al 1978). The main athaction of DEA is that ft can 
deal with multiple inputs and outputs. The units in any DEA assessment are generally 
homogeneous and independent units performing the same function, and it is of most use 
where there are a large number of units providing an 'identical' service in relative 
isolation (Szczepma et al 1992). DEA was first developed as a way of measurmg 
service units by Chames et al. (1978). The model has since been added to and 
developed over the years. Warwick Business School in the UK has pioneered the 
research and are regarded as one of the leading institutions workmg in this field. DEA 
has been successfully used in airports, local govemment audiorities, courts; hospitals 
general medical practices and bank branches to test efficiency where there are multiple 
centres of inputs and outputs. Its apphcation to the port industry woidd therefore appear 
to be ideal. As far as the authors are aware there have been no studies using DEA within 
acmal seaports. However, Roll and Hayudi (1993) state that DEA is a most suitable tool 
for measuring port efficiency, althou^ they have only apphed it hypodietically. 
Sachish (1996) looked at the different techniques for measuring productivity and 
confirmed DEA's usefulness. However his research adopted an engineering method to 
take account of the technological investments when looking at the efficiency of Israeli 
ports. Various other studies have beoi made using the assessment of productivity based 
upon output per worker (DeMonie 1987), output per wharf (Frankel 1991) whilst others 
use production functions, (Kim and Sadiish 1986, DeNeufiille and Tsunokawa 1981). 
Gillen and Lall (1997) looked at ahport terminals and chose two outputs, number of 
passengers and poimds of cargo. They chose six inputs, nxunber of runways, mmiber of 
gates, terminal area, number of employees, number of baggage collection belts and 
mmiber of pubhc parking places. They conclude that the number of gates has the most 
overall affect upon efficiency. In terms of ports, gates, which facilitate the loading of 
the cargo could be equated to loadhig cranes and runways to berths. 
Efficiency can shnply be expressed as a ratio of output to input provided that die 
product only produces one output However, as most institutions produce multiple 
outputs from multiple inputs each variable must be given a weighting to produce a more 
accurate result Efficiency then begins to resemble the sum of weighted outputs over the 
sum of weighted inputs. As the method of weighting can be biased towards one 
particular outcome, the DEA technique aUows for each weighted input'output to be seen 
in its most favourdjle hght The number of variables entered into die formula cause for 
there to be more of a discrimmatory power of DEA. This means that the more variables 
included into the equation may lead to a lack of emphasis on particularly important 
piece of data. Therefore Szczepura (1992) argues die number of variables should be 
kept to as low as possible. However, by weighting the variables it is still possible to 
reduced this limitation and include more variables, 
Findings 
For the purpose of this research data has been collected from 21 container ports m tiie 
Cargo Systems Joumal 1999 hst of top 100 container ports. The plan is eventually to 
obtain data for all 100 ports. The ports chosen for this preliminary study were those that 
either provided adequate statistics on theu web sites or wiio responded for a request for 
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information. The raw data coUated for analysis by DEA as inputs and outputs is shown 
m Table 2 
Table 2 Inputs and Outputs 
Output Output Input Input 
Port Containers Total throughput Assets Quayage (TEUs) (mt) US$ (m) 
Auckland 499,285 4,200,000 165.137.688 6.046 
Charleston 1,277,514 10.270,000 520,402,000 3,844 
Goteborg 519642 30,394,000 205.506.788 11.955 
Halifax 435,425 13.173,353 59,500.633 5.948 
Houston 968,169 169,100,000 740,542.000 24,648 
Jacksonville 753,823 7,377.000 549,394,000 12,728 
Johor 460,000 19,322,363 208,379,772 2,665 
Liverpool 487,000 33.000,000 429,558,525 18,785 
Long Beach 4.100,000 60,800,000 2,215.034.000 18,182 
Los Angles 3,378,218 82.126.624 2,431,141,000 13,758 
Melbourne 1,044,000 42,108,000 234,733.746 12,969 
Miami 860.000 5,850.000 452.124.219 5,686 
Montreal 932,701 206,000,000 185,684,200 15,537 
New York/Jersey 2.465.993 56,000.000 3,505,136,000 9,000 
Penang 510,307 16.480.000 119,060,620 3,388 
Port Klang 1,820,018 40.000.000 88,396,401 5,973 
Rotterdam 6,010,000 315,000,000 1,418,117.624 77,000 
Seattle 1.544,000 13,000,000 2,635,262.000 ??,912 
Southampton 846,257 35,000,000 1.604.014.008 10.053 
Sydney 801,081 16.450,000 219,119.780 5,888 
Vancouver 800,000 71.405.000 361,969,878 11.243 
This above raw data has been computed using the DEA technique mention earher. The 
two columns labelled outputs and tiie two columns labelled hiputs have been compared 
with each other to produce a table of relative eflSciency. This table of relative efficiency 
is shovra in Table 3. However, it must be stressed tbat diis is not an absolute efficiency 
measurement and that those ports that are at either end of the scale can neither be said to 
be efficient or hiefficient. The results merely show that the ports can be ranked in order 
to show which ports achieve a greater throughput with the mmimum of assets and least 
berth space, i.e. quayage. In order to achieve an absolute efficiency rating additional 
data needs to be included within the equatioa Such additional data would have to 
mclude all the port's outputs such as number of passengers; amount of general, hquid, 
buUc or otiier type of cargo that pass through the port as well as other inputs, such as 
number of employees or cranes utihsed. 
Table 3 shows that in terms of container ports the Port Klang along vdth Johor and 
Charleston rate amongst the highest of this sample. These figures are capped to ensxure 
that the ceiling of relative efficiency of any port does not exceed 100%. However if the 
scale is not adjusted then Port Klang has a score of 110.23 whilst Johor stands at just 
110.13 and Charleston 109.07. This therefore denotes that these ports mahi 
speciahsationis likely to be in containers. 
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Table 3 - Relative efficiency of ports 
Rank Relative Efficiency Port 
rating 
1 100 PORT KLANG 
2 100 JOHOR 
3 100 CHARLESTON 
4 92.28 NEW YORK/JERSEY 
5 91.77 HOUSTON 
6 87.16 LOS ANGLES 
7 84.96 VANCOUVER 
8 70.85 LONGBEACH 
9 67.73 PENANG 
10 54.72 ROTTERDAM 
11 46.84 SOUTHAMPTON 
12 45.51 MIAMI 
13 44.27 SYDNEY 
14 43.82 MELBOURNE 
15 34.01 GOTEBORG 
16 31.16 HALIFAX 
17 24.91 AUCKLAND 
18 23.50 LIVERPOOL 
19 20.33 SEATTLE 
20 19.78 MONTREAL 
21 18.02 JACKSONVILLE 
The figures for Asian ports may be distorted by the fact that they include within the 
equation the asset value converted to USD. Due to the difference in land values and the 
value of assets in general Port Klang would naturally be expected to rate more 
favourable than a port in die West where land and other goods are relatively more 
expensive. Therefore by including assets within tiie equation it is likely that a port 
situated in the East would achieve a higher ranking than a port in the West. Thus the 
position of Jacksonville at position (21) at the bottom of the scale does not mean that 
this port is inefficient but does highlight that this port has a higher asset value than say, 
Vancouver, which has approximately the same container throu^put but ranks at 
position (7). 
Indeed m terms of valuation the port of Seattie, ranked at position (19), is equivalent to 
almost 30 ports the size of Port Klang and 8 ports the size of Houston (5). The results of 
this test therefore show fliat assets valuation is a questionable raw input in the equation. 
However by adjusting the asset figure to reflect the economic simation of the coimtry by 
say, comparing it to the Gross Domestic Product (GDP), it should be possible to 
compare ports firom different countries. This method will be left open for further 
research but meanthne another way to compare ports in different countries is to use a 
measurement that can cross national barriers and exchange rates. The method which has 
been chosen for this research is to hiclude the size of the port by using the length of 
berth agahist the same outputs. It however should be noted that the results may be 
misleading since by utilising in the equation contahier traffic it assumes that this is the 
port's sole activity. The results do not allow for the number of passengers or quantity of 
bulk or hquid cargo that is handled by the port. Consequently Miami receives a rating 
below fifty percent which does not reflect the several millions of passengers that transh 
the port each year. 
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However using these ports as a guideUne and ignoring the limitations of the present data 
the next stage of assessment is to analyse the data in terms of ownership and 
organisational stmcture. As a guide figure 2 shows the sample ports results placed into 
the conceptual model using just ownership stracture. Further research needs to be 
undertaken on the organisationai stracture of these ports m order to utiUse the model for 
its intended purpose. The numbers contained witii the diagram mdicate the average 
efBciency of ports in that particular category. The most efBcient ownership stracture is 
mdicated to be johit public/private at an average of 58.5, followed by private porte at 
56.78 and lastiy pubhcly owned porte at 51.26. It must be stressed that hi order to see 
whether this is mdicative of the port hidustry more porte will need to be examined. 
Figure 2 
Conclusion 
This research has shown that organisation theory and ownership stracture can be 
incorporated into a conceptual model of the port industry that can in iteelf enable a 
simple comparison of the efiBciency of differmg patterns to be made. The research has 
highlighted the need for additional inputs into the equation as well as emphasising the 
limitations of usmg assete as an input Data which knows no national boundaries such as 
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size of the port, length of berth and the primary fimction of die port need to be included 
in-order to compare ports on an equal basis. However, the r^idts have shown that 
DEA's ability to handle multiple inputs and outputs combhied with the abihty to add 
weights will allow for a meaningful analysis to be accomphshed. 
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APPENDIX V - Questionnaire 
Email questionnaire sent to various ports requesting information 
From: Self <WALENTINE.IMS.SCI.Plymouth.CentraLPlymnet> 
To: fujport6@emirates.net.ae 
Subject: Port Statistics - Fujairah 
Date sent: Thu, 6 Jul 2000 15:37:00 GMT 
Athi John Mittelstein - Marketmg Manager 
I am conducting research into container port efficiency and would be 
grateful if you could answer a few short questions on your port. In 
retum I will be happy to provide you wifli a copy of my findings when 
available. 
1. "What is the total cargo througjiput for the most recent year (please 
indicate how this is proportioned between die number of containers, 
bulk, general, passengers, other) 
2. Number of employees (both labour and administrative) 
3. Length of berth space 
4. Net asset value of your company (can be obtained firom the balance sheet) 
5. How would you best describe your ownership shructure (Public, Private or, a jomt 
venture with PubUc/Private interests)? 
6. A copy of the chart showing your organisation stmcture 
If any of these questions are contained within a publication, then if you prefer, simply 
send this to me at the address below. 
Thank you for your co-operation. 
With kind regards 
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APPENDIX VI - How data envelopment analysis (DEA) works 
(som-ce: http://www.utmedu/~dtracy/mgt730/DEAl.doc accessed l^lllQl) 
1. What is DEA? 
• Linear Programming-based technique for measuring relative performance of 
organisational units, sometimes referred to as decision making units (DMUs) 
• an increasmgly popidar and practical management tool 
• used to identify the 'best' performer or practice (benchmarkmg) 
2. Review of Productivity 
• Traditional measures 
Productivity = Output/Input 
- not realistic for most firms, only one product 
- more practical to use some conunon measures, but difBcult to find 
- different types of outputs and inputs 
- differing levels of productivity are possible (process-oriented) 
• New measure (relatively) 
Relative productivity = 
Weighted sum of outputs/weighted sum of inputs 
- idea is to limit the relative productivity of any DMU by placing an upper 
bound on the relative productivity of all units 
- then it is easy to measure your DMUs productivity against the best 
3. A Simple Numerical Example-BasebaU 
Assume there are three players (DMUs), A, B, and C, with the foUowing battmg 
statistics. Player A is a good contact hitter, player C is a long ball hitter and player B is 
somewhere hi between. 
Player A: 100 at-bats, 40 singles, 0 home runs 
Player B: 100 at-bats, 20 smgles, 5 home runs 
Player C: 100 at-bats, 10 shigles, 20 homes runs 
As a DEA analyst, we can play the role of Dr. Frankenstehi by combming parts of 
different players, to create 'virtual' players. First analyse Player A Clearly no 
firactional combmation of Players B and C can produce 40 smgles with only 100 at-bats. 
Therefore Player A is eflScient at hitting shigles and receives an eflSciency of 1.0. It is 
also easy to see fliat Player C cannot be dupUcated by any cbmbmation of Players A 
and B, so Player C is also efificient (at home runs) and receives an efQciency of 1.0. 
Now, look at Player B. Suppose we try a 50-50 mixture of Players A and C. With 100 
at-bats. Player B should be able to hit 50% of Player A's smgles and 50% of Player C's 
home runs. This translates into 25 shigles and 10 home runs. Hus may not be the most 
efificient 'virtaal' player, but any efificient player should be as good for at least one of 
the statistics. Since Player B doesn't compare to either statistic, he must not be as 
efificient as the 'virtual' player. He would be better served trying to swing for the 
parkmg lot 50% of the time like Player C, and slap out shigles 50% of the time like 
Player A He would then produce 25 shigles and 10 home runs, if he has the talent of 
the 'virtual' player 
The data in this problem are simple: two outputs for a single input. However, the basic 
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principles still hold with more detailed mputs and outputs of varying levels. As a matter 
of fact, die fact that diey hold make DEA very valuable as it allows you to compare 
unlike things (apples and oranges). 
4. A Simple Graphical Example 
• using the previous example it is easy to see how DEA works 
Graphical Example of DEA for Player B 
Smgles 
If it can be assumed that linear combinations of players are allowed, diea the line 
segment connecting Players A and C shows the possibilities of ou^uts for virtual 
players of varying compositions of tiie eflScient real players. Similar Ime segments can 
be drawn between A and B or between B and C. However, smce die segment AC hes 
b^ond segments AB and AC, this means that a combination of ordy A and C will 
produce an efBcient virtual player who will generate die most outputs for a given set of 
inputs. 
This Ime (segment AC) is called the efficiency frontier. Since Player B lies under the 
efficiency frontier, he/she is mefficient. His/her efficiency is determined by comparing 
hhn to a virtual player formed by combining Players A and C. The vhtual player, V, is 
approximately 64% of Player C and 36% of Player A (The percentage of Player C = 
lengfli of AV/lengdi of AC and the percentage of Player A = length of CV/length of 
AC). The efficiency of Player B is then calculated by findmg the fraction of inputs that 
Player V would need to produce as many outputs at Player B. This is easily calculated 
by lookmg at the line from the origm, 0, to V. The efficiency of Player B is OB/OV, or 
about 68%. 
This shnple baseball example does not convey the foil view of the useftdness of DEA 
It is most usefol when a comparison is sought against 'best practices' where the analyst 
doesn't want the frequency of poorly nm operations to affect the analysis. It should also 
be mentioned that appUcations of significant size are possible with DEA Some analysts 
work on problems with as many as 10 or 20 diousand DMUs. DEA has akeady been 
applied in situations such as hospitals, schools, banks, manufacturing, benchmarking, 
management evaluation, fast food restaurants, and retail stores. 
5. Strengtiis and Weaknesses of DEA 
• Sti-engflis of DEA 
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-• DEA ean-handle midtiple input andmnltipleoutput models. 
• DEA doesn't requhre an assumption of a functional form relating inputs to 
outputs. 
• DMUs are dhrecdy compared against a peer or combhiation of peers. 
• Inputs and outputs oan have very -different units. -For-example, X-1 -could bo 
m units of lives saved and X2 could be hi units of doUars without requiring 
some recognized trade off between the two variables. 
Weaknesses of DEA 
• Since DEA is an extreme pohit technique, noise (even-symmetrical noise 
with mean zero) such as measurement error can cause significant problems. 
• DEA is good at estimating the "relative" eflSciency of a DMU, but it 
converges very slowly to "absolute" efficiency. In other words, it can tell 
you how weU you are doing compared to your peers, but not compared to a 
"theoretical maximum." 
• Since DEA is a nonparametric technique, statistical hypothesis tests are 
difficult and often are the focus of ongoing research. 
• Since a standard formulation of DEA creates a separate linear program for 
each DMU, large problems can be computationally mtensive. 
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APPENDIX v n - Results from cluster analysis 
Cluster Membership 
Case 3 ClustBrs 
1:Antwerp- 1 
2:Ashdod 1. 
3:Auckland 2 
4: Felixstowe 1 
5:Genoa 2 
6:Halifax 
. ZiHamburg. 2 
8:Hawaii 1 
9:Hong Kong 1 
10:Houston 3 
11 :Kaohsiung 2 
12:Keelung. 2 . 
13: Laem Chabang 1 
14:Las Palmas 2 
15:Le Havre 3 
16:Lisbon i 
i.7:Long,Beach 1 
18: Los Angeles 2 
19;Manila 2 
20:Melboume 1 
21:Mumbai' 1 
22:Port.Everglades. 1 
23:Rotterdam 1 
24:Santos 1 
25:SeattIe 1 
26:Singapore t 
27:Southampton 2 
28:Sydney 1 , 
29;Tacoma 1 
30:Tanjung Priok 3 
31: Vancouver 1 
.32:Zeebrugge. 1 
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* * * * * H I E R A R - C H I C.A L C L U S T E R A N A L Y S I S * * * * * * 
Dendrogram using Average Linkage (Between Groups) 
Rescaled Distance Cluster Combine 
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Proximity Matrix 
Squared Euclidean D stance 
9:Hong 
Case 1: Antwerp 2:Ashdod 3:Auckland 4:Felixstowe •• 5:Genoa 6:Hallfax 7:Hamburg 8: Hawaii Kong 
1 Antwerp 77.000 440.000 54.000 533.000 1104.000 425.000 10.000 5.000 
2:Ashdod 77.000 273.000 21.000 406.000 797.000 270.000 99.000 48.000 
3:Auckland 440.000 273.000 374.000 29.000 152.000 9.000 566.000 425.000 
4: Felixstowe 54.000 21.000 374.000 491.000 958.000 387.000 62.000 29.000 
5:Genoa 533.000 406.000 29.000 491.000 133.000 52.000 681.000 534.000 
6: Halifax • 1104.000 797.000 152.000 958.000 133.000 185.000 1298.000 1077.000 
7: Hamburg 425.000 270.000 9.000 387.000 52.000 185.000 549.000 414.000 
8: Hawaii 10.000 99.000 566.000 62.000 681.000 1298.000 549.000 11.000 
'9:Hong Kong 5.000 48.000 425.000 29.000 534.000 1077.000 414.000 11.000 
10: Houston 749.000 502.000 41.000 641.000 54.000 37.000 58.000 • 909.000 726.000 
11:Kaotisiung 534.000 395.000 26.000 478.000 1,000 126.000 53.000 680.000 531.000 
12:Kee!ung 745.000 566.000 57.000 683.000 20.000 57.000 80.000 917.000 742,000 
13: Laem Chabang 93.000 14.000 337.000 53.000 502.000 901.000 314.000 105.000 62.000 
14:Las Palmas • 531.000 338.000 59.000 497.000 138.000 219.000 26.000 657.000 514.000-, 
15:Le Havre 750,000 489.000 46.000 616.000 59.000 38.000 75.000 906.000 721.000 
16:Lisbon • 266.000 91.000 102.000 134.000 185.000 402.000 133.000 336.000 227.000 
17: Long Beacti 54.000 17.000 206;000 36,000 299.000 702.000 203.000 94.000 41.000 
18:Los Angeles 545.000 330.000 17.000 467.000 72.000 129.000 12.000 677.000 522.000 
19:Manila 320.000 189.000 24.000 294.000 85.000 272.000 9.000 426.000 309.000 
20:Melbourne 17.000 62.000 449.000 67.000 580.000 1121.000 416.000 21.000 14.000 
21:Mumbai 141.000 38.000 113.000 77.000 198.000 501.000 122.000 201.000 118.000 
22:Port Everglades 17.000 38.000 401.OQO 11.000 504.000 1025.000 404.000 25.000 6.000 
23:Rotterdam 4.000 57.000 436.000 30.000 537.000 1092.000 429.000 10.000 1.000 
24:Santos 89.000 50.000 137.000 75.000 200.000 569.000 140.000 149.000 82.000 
25:Seattle 100.000 97.000 140.000 114.000 173.000 564.000 145.000 170.000 105.000 
26:Singapore 17.000 36.000 429.000 13.000 546.000 1073.000 426.000 19.000 4.000 
27:Soutliampton 365.000 266.000 37.000 315.000 24.000 237.000 68.000 485.000 362.000 
28:Sydney' 5.000 48.000 425.000 29.000 534.000 1077.000 414.000 11.000 .000 
29:Tacoma 9.000 34.000 377.000 27.000 488.000 1001.000 364.000 21.000 2.000 
30:Tanjung Priok 869.000 578.000 89.000 701.000 90.000 29.000 134.000 1033.000 834000 
31: Vancouver 40.000 45.000 232.000 42.000 297.000 744:000 237.000 82.000 37.000 
32:Zeebrugge 61.000 30.000 241.000 21.000 318.000 741.000 258.000 97.000 46.000 
This is a dissimilarity matrix 

Proximity IVlatrIx 
Squared Euclidean Distance 
. 13:Laem 14:Las 15:Le 17: Long 18: Los 
Case 10:Houston 11:Kaohsiung 12:Keelung •Chabang Palmas Havre 16;Lisbon Beach Angeles 
1: Antwerp 749.000 534.000 745,000 93,000 531.000 750.000 266.000 54.000 545.000 
2: Ashdod 502.000 395.000 566,000 14,000 338.000 489.000 91.000 17.000 330.000 
3:Auc!<iand 41.000 26.000 57.000 337.000 59.000 46.000 102.000 206.000 17.000 
4: Felixstowe 641.000 478.000 683,000 53,000 497.000 616.000 134.000 36.000 467.000 
5: Genoa 54.000 1.000 20.000 502.000 138.000 59,000 185.000 299.000 72.000 
6: Halifax 37.000 126.000 57.000 901,000 219.000 38,000 402,000 702.000 129.000 
.7: Hamburg 58.000 53.000 80.000 314.000 26.000 75.000 133.000 203.000 12.000 
8: Hawaii 909.000 680.000 917.000 105.000 657.000 906,000 336,000 94.000 677.000 
9: Hong Kong 726.000 531.000 742.000 62.000 514.000 721.000 227.000 41.000 522.000 
10:Houston 49.000 26.000 580.000 90.000 5.000 221.000 425.000 30,000 
11:Kaohsiung 49.000 21.000 493.000 141,000 50.000 168.000 294.000 69,000 
12:Keelung 26.000 21.000 666.000 146.000 35.000 277.000 451.000 76,000 
13:Laem Chabang 580.000 493.000 666.000 350.000 577.000 153.000 45,000 374,000 
14:Las Palmas 90.000 141.000 146.000 350.000 121.000 217.000 285.000 77 000 
15:Le Havre 5.000 50.000 35.000 577.000 121.000 194.000 420,000 43."000 
16:Usbon 221.000 168.000 277.000 153.000 217,000 194.000 86.000 149.000 
17:Long Beach 425.000 294.000 45t.600 45.000 285.000 420,000 86.000 275.000 
18: Los Angeies 30.000 69.000 76.000 374.000 22.000 43.000 149,000 275.000 
19:l\/laniia 109.000 86.000 137.000 221.000 35.000 126.000 106.000 134.000 33.000 
20: Melbourne 754.000 581.000 784.000 50.000 482.000 763.000 277.000 59.000 524.000 
21:Mumbai 276.000 189.000 314.000 80,000 198.000 265.000 25.000 21.000 166,000 
22: Port Everglades 690.000 497,000 708,000 66,000 518.000 675,000 185.000 35.000 504.000 
23:Rotterdam 741.000 534.000 749.000 77,000 539.000 734.000 234000 46.000 541.000 
24:Santos 326.000 197.000 332.000 94,000 230.000 323.000 69.000 11.000 208.000 
25:Seattle 329:000 174.000 305.000 153,000 251.000 330.000 106.000 34.000 225.000 
26:Singapore 726.000 539.000 754.000 54,000 530.000 713.000 203.000 41.000 526.000 
27:Southampton 114,000 21.000 84.000 362,000 178.000 107.000 101.000 179.000 104,000 
28:Sydney . 726.000 531,000 742.000 62.000 514.000 721.000 227.000 41.000 522,000 
29:Tacoma 662.000 485.000 684.000 46.000 454.000 659.000 197.000 27.000 464,000 
30:Tanjung Priok 24.000 77.000 54.000 684.000 194.000 9.000 233,000 509.000 90,000 
31: Vancouver 465.000 294,000 461.000 89.000 347.000 458.000 114.000 10.000 325,000 
32:Zeebrugge 468.000 309,000 482,000 80.000 374.000 449.000 81.000 13.000 334,000 
This is a dissimilarity matrix 

Proximity iVIatrix 
Squared Euclidean Distance 
22: Port 
Case 19:lVIanila 20:Melbourne 21:Mumbai Everglades 23:Rotterdam 24: Santos 25:Seattle 26:Singapore 
1: Antwerp 320.000 17.000 141.000 • 17.000 4.000 89.000 100.000 17.000 
2:Ashdod 189.000 62.000 38.000' 38.000 57.000 50.000 97.000 36.000 
3:Aucl<iand 24.000 449.000 113.000 401.000 436.000 137.000 140.000 429.000 
4: Felixstowe 294.000 67.000 77.000 11.000 30.000 75.000 114.000 13.000 
5:Genoa 85.000 580.000 198.000 504.000 537.000 200.000 173.000 546.000 
6: Halifax 272.000 1121.000 501.000 1025.000 1092.000 569.000 564.000 1073.000 
7: Hamburg 9.000 416.000 122.000 404.000 429,000 140.000 145.000 425.000 
8: Hawaii 426.000 21.000 201.000 25.000 10,000 149.000 170.000 19.000 
9: Hong Kong 309.000 14.000 118.000 6.000 1,000 82.000 105.000 4,000 
10:Houston 109.000 754.000 276:000 690.000 741.000 326.000 329.000 726.000 
11:Kaolisiung 86.000 581.000 189.000 497.000 534.000 197.000 174.000 539.000 
12:Keelung 137.000 784.000 314.000 • 708.000 749.000 332.000 305.000 754.000 
13:Laem Cliabang . 221.000 50.000 80.000 66.000 77.000 94000 153.000 54.000 
14:Las Palmas 35.000 482.000 198.000 518.000 539.000 230,000 • 251.000 530.000 
15:Le Havre 126.000 763.000 265.000 675.000 734.000 323.000 330.000 713; 000 
16:Lisbon 106.000 277.000 25.000 185.000 234,000 69.000 106.000 203,000 
17:Long Beacli 134.000 59.000 21.000 . 35.000 46.000 11.000 34.000 41.000 
18:Los Angeles 33.000 524.000 166.000 • 504.000 541.000 208.000 225.000 526.000 
19:!\/laniia 305.000 77.000 305.000 324.000 89,000 100.000 321.000 
20:Melbourne 305:000 146.000 36.000 21.000 • 108.000 137.000 26.000 
21:iVlumbai 77.000 146.000 98.000 125.000 14.000 41.000 110.000 
22: Port Evergiades 305.000 36.000 98.000 5.000 72.000 97.000 2.000 
23:Rotterdam 324.000 21.000 125.000 5.000 85.000 104.000 5.000 
24:Santos 89.000 108.000 14.000 72.000 85.000 9.000 86.000 
25:Seattie 100.000 137.000 41.000 97.000 104.000 9.000 117.000 
26:Singapore 321.000 26.000 110.000 2.000 5.000 86.000 117.000 
27:Soutliampton 77.000 420.000 106.000 328.000 361.000 104.000 85.000 366.000 
28:Sydney 309.000 14.000 118.000 6.000 1.000 82.000 105.000 4.000 
29:Tacoma 265.000 12.000 94.000 8,000 5.000 64.000 89.000 6.000 
30:Tanjung Priol< 197.000 894.000 332.000 774.000 845.000 402.000 409.000 818,000 
31:Vancouver 168.000 69.000 41.000 29.000 36.000 13.000 20.000 41.000 
32:Zeebrugge 189.000 90.000 32.000 26.000 45.000 22.000 41.000 38,000 
Tills is a dissimilarity matrix 

APPENDIX V r a - Using weighting with DEA 
Table 1 A coniparison of DEA rankings with and widiout weightmg 
No Ranking Usmg a container Quay 
weighting weighting of one whilst 
all else remains equal 
Hong Kong 100 1 Hong Kong 100 
Santos 100 2 Singapore 100 
Smgapore 100 3 Felixstowe 62.41 
Houston 69.86 4 Houston 56.64 
Felixstowe 62.41 5 Vancouver 52.85 
Ashdod 58.98 6 Los Angles 49.28 
Manila 54.94 7 Laem Chabang 40.26 
Vancouver 52.85 8 Ashdod 38.24 
Mumbai 50.36 9 Le Havre 36.47 
Los Angeles 49.28 10 Rotterdam 33.75 
Southampton 45.17 11 Kaohsiung 31.42 
Genoa 44.39 12 Mumbai 29.63 
Rotterdam 42.08 13 Soutbampton 28.74 
LaemCbabang 40.26 14 Keelung 28.41 
Le Havre 36.47 15 Manila 27.89 
Auckland 33.20 16 Tanjung Priok 27.73 
Sydney 32.45 17 Long Beach 27.61 
Melboume 32.27 18 Melboume 26.80 
Kaohsiung 32.23 19 Zeebmgge 25.52 
Keelung 28.41 20 Santos 25.36 
Tanjung Priok 27.73 21 Hamburg 24.13 
Long Beach 27.63 22 Sydney 23.06 
Halifax 25.61 23 Port Everglades 22.70 
Zeebmgge 25.52 24 Genoa 20.97 
Hamburg 24.13 25HaUfax 19.46 
Antwerp 23.77 26 Antwerp 15.94 
Port Everglades 22.70 27 Hawaii 11.13 
Tacoma. 19.62 28 Tacoma 9.26 
Lisbon 12.08 29 Auckland 8.24 
Hawau 11.75 30 Las Palmas 6.60 
Seatfle n.i2 31 Seattle 6.38 
LasPalmas 10.82 32 Lisbon 5.81 
(Source: Author, 2002) 
The results firom Table 1 show diat for some ports, (notably, Antwerp, Hong Kong, 
Melboume, Seattle, Singapore, Southampton and Tacoma) thehr positions remam 
relatively constant following the inclusion of weightings. Other ports such as 
Felixstowe, Kaohsiung, Keelimg, Laem Chabang, Long Beach, Los Angles, Tanjung 
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Priok and Vancouver have risen m tiie rankmg. The mam fallers are however ports such 
as Genoa, Manila, Santos and Sydney. This follows from the weightings placing an 
emphasis upon containers, whereas the main specialities of these ports he elsewhere. 
Thus the port of Santos, which originally scored a relative eflSciency rating of 100% has 
been reduced to 25%. Another figure tiiat supports this is the ratio of container berth 
length to overall berthlength, as seen earlier in table 9.1. For the port of Felixstowe the 
figure is around 70% whereas for Santos it is 4%. This means that 96% of the port of 
Santos is bemg used for other purposes and this, therefore has an effect upon its 
efiBciency as a container port. Thus, the value of including weighting can be seen for 
without weighting ports such as Santos, with a small contahier berth, appear to be more 
efificient than dedicated container ports such as Felixstowe. 
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ABSTRACT 
There are many factors that have an effect upon the performance of a port; the location, 
infrastracture, superstmcture and connectivity to other ports are but a few. However, the 
way an organisation is structured can also have a significant effect on its performance 
botii in terms of efficiency and safety. Over the last two decades many ports have 
moved from the pubhc sector to the private sector as govemments seek to inject new 
finance into these capital-hitensive industries through private enterprise. It is this change 
called privatisation, which has attracted much interest from both academics and those 
working within the industiy. The value of world-wide privatisations in 1999 grew by 
10% over the preceding year providing govemments witii US$145 bilhon (Washington 
Times 2000). Some coimtries have rapidly progressed towards this goal of privatisation 
whilst others have been hindered by pohtical, fiscal, labour or a general unwillingness 
to accept change. 
Using Mmtzberg's (1979) theory on organisational stractures and Cass' (1996) work on 
ownership stractures this paper will examine the developments within thirty-one leading 
ports from around the world. This paper will look at how these seaports are owned and 
how their stracture is organised to deternune whether these factors have any relation to 
its safety record. The results of this p^er will help serve as a guide for govemments, 
port adminisfrators and port owners on the different ways they can stracture their ports 
which may lead to improvements in safety. 
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1. INTRODUCTION 
The way an organisation is stinchired can have a significant effect oh its performance 
both in terms of efficiency and safety. Over die last two decades many ports have 
moved from die pubhc sector to the private sector as govemments seek to inject new 
finance into tiiese capital-mtensive industries through private enterprise. It is this change 
called privatisation, which has attracted much interest from both academics and those 
working within the industry. The value of world-wide privatisations in 1999 grew by 
10% over the preceding year providing govemments witii US$145 biUion (Washington 
Times, 2000). Some countiies have rapidly progressed towards this goal of privatisation 
whilst others have been hindered by political, fiscal or labour factors, or a general 
imwillmgness to accept change. This paper will look at how these seaports are owned 
and how theh: stracture is organised to determine whether these factors have any 
relation to its safety record. The results of this paper will help serve as a guide for 
govemments, port administrators and port owners on the different ways they can 
stracture theh ports which may lead to improvements in safety. However, it should be 
noted that the content of tiiis research represents work in process. 
Container ports now play a huge role in intemational commerce. Shice the 1960's 
container traffic has grown at an increashig rate with no sign of abatmg. In 1999 flie 
world seabome trade in dry cargo was esthnated to have grown at 2.9%. This is also the 
average for all of the 1990s. Containerised cargo in 1999 however rose by 8.4%. In 
1980 containerised cargo accormted for around 20% of the general cargo market, 
whereas by 1999 it was 53.7% and is expected to be 57% m 2001 (Drewiy, 2000). 
Drewiy (2000) also report that 1999 was the first year world container port tiraffic 
surpassed the 200 milhon TEU threshold. World container port throu^put mcreased by 
9.7% in 1999 on tiie previous year. The largest region of growth was the Far East witii 
an average of 12.5%. The ports of Dalian and Shanghai stand out at having achieved an 
increase of 32.2% and 37.3% respectively (Drewiy, 2000). This is further supported by 
UNCTAD (2000) which reports tiiat total world output grew by 2.7% m 1999 over die 
previous year with developing coimtries (China included) averaging 3.4%. Furthermore, 
Dynamar (2001) state that growth in world trade of around 6% per armum would mean 
that by 2020 world container trade will increase from its present 550 million tonnes to 
1.75 billion tormes. 
Ships are also increashig in size and capacity. Long gone are the days when a handful of 
containers were carried on the deck of a general cargo vessel. There are now contamer 
ships on the world's oceans that are capable of carrying in excess of 8,000 TEUs. The 
largest vessel, Maersk Sealand, reportedly has a capacity of around 8,700 TEUs but the 
actual figure is a commercial secret and Dynamar (2001) claim that conceptual designs 
have been made for the 'Malacca Max' size vessel with a capacity of 18,000 TEUs. 
There are vety few ports today that could receive a vessel that size. (Bremerhaven and 
Hamburg pr^ct that the maximum vessel they can accommodate is around 12,500 
TEUs). 
Robmson (1998) m looking at the emergence of feeder ports m the Smgapore-Japan 
coiridor concluded that the high growth rates of containerised cargo have not only 
spawned new ports but have also increased the port handling volumes thereby justifying 
the new ports as mahi ports of call rather than feeder ports. However, in looldng at the 
shipper's criteria in selecting contamer ports. Slack (1985) found that the choice of port 
appears to be based more upon price and quahty of service offered by land and ocean 
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carriers than the port itself. Other considerations such as port safety no doubt rank low 
on the carrier's list of priorities. He states that port facilities seemed to be taken for 
granted. If diis was the case back in 1985 then because of the dianges that have 
occurred to ports around the world since then, today the situation is different Slack et al 
(1996) recognise this change when they state that the process of taking business for 
granted because of geographical location has now gone. Container ports can no longer 
rely upon customer loyalty due to changes that may occur in the reschediding of liner 
services. Heaver (1995) states that once the efficiency of a port's cargo handling process 
and inland transportation services are unproved, geographical monopoly powers are 
eroded. Ports can no longer expect to athract busmess merely because they are gateways 
to vast hinteriands (Notteboom and Winkehnans 2001). ITiey cite the example of CAST 
that moved its contahier bushiess from Zeebragge to Antwerp in 1999, after first 
moving to Antwerp from Zeebragge in 1993. This move represented 17% of Belgian 
container trafiSc (Notteboom and Wmkelmans, 2001). 
Privately run ports concentrate on customer satisfaction and draw on private financing 
of the latest port technologies. Trajilli and Nombela (1999) highlight this point by 
stating that because of containerisation ports have changed fi'om being labour intensive 
toward more capital intensity. They therefore requke substantial investment in 
infrastracture and equipment Private port owners want to see greater througbput in 
traffic at an ever-increasing rate to generate the profit sought by theu private financiers. 
This has its repercussions on the shipowner whose requirements are given more 
consideratioa Not only is the carrier seeing a faster tumaround time of his vessel in port 
but also a lower unit cost Brazil's port of Santos has seen a pre-privatisation handling 
cost of $500 per contamer drop to $253 within 36 months of privatisation. Althou^ this 
is a significant saving it is still above the port's target price of $150, set at the time of 
privatisation. 
Figure 1 helps to define the parameters of this research. The defirung of a container port 
is open to questioa Obviously it includes ports which handle container traflfic, but there 
is a big difference between the port wtoch receives a feeder vessel or barge carrying a 
couple of containers a year and the giants like Singapore which handle over 40,000 
TEUs per day. By Ihniting this research to the top 100 container ports, all of the 
world's- important container ports are included as weU as those capable of making a 
challenge for high ranking. 
Fijgure 1 Distiibution of TEU throughput amongst the top 100 contamer ports for 1998 
1©,000.000 -1 
14,000.000 -
12,000.000 -
10.000,000 -
8.000.000 -
6,000,000 -
•4.000.000 -
2,000,000 -
(Source: Author 2001) 
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With the population sample set at 100 ports, the data were collected from a variety of 
sources that included Fairplay World Shippmg Encyclopaedia, Cargo System Journal, 
individual port web sites, the UK P&I Club and information provided by the European 
Sea Ports Organisation. 
In most advanced industries there are a few companies that dommate the market. 
Known as market leaders, they control a significant market share of the available 
business. Contauier ports encounter a similar phenomenon with the top 15 ports 
controlling over 50% of the world container traffic. Figure 1 shows how container 
tiirou^put is distributed among the top 100 container ports. The disparity between 
those at the top and those lower down is highlighted vihen it is noted tiiat the top 5 
container ports have a market share of over 30% of the available business. 
To illustiate this further, the world's number one port in terms of container throughput, 
Sing^ore, handles around 15m TEUs viiiereas number 100 on the list, Veracruz, only 
handles about 0.4m TEUs. The position between numbers one (Smgapore) and two 
(Hong Kong) of the top 100 contamer ports are separated by a mere half a million 
containers. Nimiber three on the other hand, Kaohsiun^ handles less than half of the 
previous two with around 6m TEUs. The rate of dechne in the number of containers 
passing through the port declines at a constant rate from position three until position 15 
which is Gioia Tauro wifli a throughput of around 2m TEUs. From the 16*'' position 
through to position 100 the slope is more gradual. There are 85 of the 100 ports whose 
TEU throughput is within 1.5m TEUs of each other. However, caution should be taken 
when analysmg these figures, smce some ports count containers that are discharged 
from one ship and re-count them when transferred onboard another. This practice know 
as double counting is prevalent amongst some transhipment ports. 
2. PORT SAFETY 
Intemational ttade in goods can be traced back to the time of the Phoenicians. Trade is 
initially have thought to have began along the east coast of tiie Mediterranean always in 
sight of land. Slowly intemational trade grew and cites that one existed in isolation 
became jomed together, connected via invisible trading routes. It is this adherence to 
trade routes cormecting modem day logistical hub ports that can represent a danger to 
safety. By following these 'ocean highways' vessels are prone to collidmg. Accidents 
withhi ports are not just Ihnited to coUisions between vessels but include matters such 
as cargo damage to third-party property, pollution and personal injury. By congregating 
in a particular port, vessels, cargo and people are all hable to increased danger. 
Therefore in order to reduce accidents and improve port efficiency, it is necessary to 
manage the port operations effectively. However, foUowing the changes that have 
occurred to port ownership over the last two decades there are now several models of 
port ownership and organisational stmctures tiiat govem these operations. This research 
aims to investigate whether the different types of ownership and organisational stmcture 
of ports have an influence upon port safety. 
Statistics on port safety are arduous to obtain. Ports themselves do not tend to keep 
statistics on the incidents occurring withhi their port or, tend to be reluctant to make this 
pubhc. Safety statistics tend to come from other organisations. For the purpose of tius 
prelhninary research data published by the UK P and I Club has been referred to. 
Althou^ it is realised by tile authors tiiat this data is not complete and is based upon 
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those mcidents reported to the Club by its members, it is hoped diat the sample is 
indicative of port safety in general. 
hi then: study of five major ports, Rotterdam, Antwerp, Houston, New Orleans and 
Singapore, the UK P&I Club found that 80% of major clahns in Rotterdam are cargo 
related against a lower than average occurrence of personal injury incidents. Third-party 
damage was also notably higher in Antwerp than may be athibuted to the diflBcult 
approach to the port. Pollution mcidents for die ports stadied are few, with the major 
bunkering port of Smgapore only recording two major mcidents in the ten-year period 
analysed (1987-97). Smgapore however is rated the highest amongst ports hivolved in 
major collision claims. This figure is not surprising wheri you consider that as well as 
being a m^or regional hub port it is also a majoring burikering port (UK P&I Club, 
1999). Thus, it can seem that there are many factors to be considered when analysing 
port safety, and ownership and organisation^ stracture are not in thernselves indicative 
of measures of safety but may prove to have a positive correlatioa 
3. OWNERSHIP STRUCTURE 
Cass (1996) hi his study of world port privatisation concluded that there were only 
really three types of port ownership, pubhc, private or joint pubhc/private. He pomts 
out that the most common type of port privatisation are (1) the sale of operatmg 
concessions, (2) joint pubhc/private venture, (3) private orientated but port authority 
controlled operatmg subsidiaries, (4) the 'coiporatisation' of govemment port agencies 
or (5) the dissolution of government owned cargo handling monopohes. The 'lock, 
stock and barrel' (i.e. sudden and complete change) approach of Great Britain and New 
Zealand are the exceptions. The degree of public involvement is naturally dependent 
upon national ideology. Cass (1996) and Heikkila (1990) botii state the examples of the 
Uruted States where the municipal authority plays a major part in the operation of the 
port Here ports compete against other ports along the coast for bushiess. However, at 
the other end of the scale is Taiwan where the administiation of the ports is centialised. 
Boardman and Vinnmg (1989) found tiiat different types of ownership stracture, the 
state owned enterprises, and mixed economies performed substantially worse than 
similar private companies. They concluded that there were performance differences 
between pubhc and private companies in competitive envirormieats and, that where 
there was a partial privatisation the performance was sometimes the worse. Hiey stated 
that conflicting ideologies between the two difierent owners cause what they term 
'cognitive dissonance'. However, Bos (1991) looked at what Tandon (1997) called "tiie 
survey of all the surveys" on the efiBcienc^  of public and private firms and came to the 
opiiuon tiiat Boardman and Vinning (1989) had direct opposing views from a previous 
study by Borcherdmg et al (1982). Tandon's (1997) explanation of these apparent 
conflicting views relies not upon the ownership stracture but upon the market conditions 
in which they operate. Private firms are likely to be in a more competitive envhronment 
and thus more in tune with the need to be efBcient, than pubhc enterprises that perhaps 
operate.in a restrictive envhonment. He argues tiiat in studies involving pubhc and 
private firms in the same business, such as airlmes, some private airlines are more 
profitable but on balance it is approximately equal. This research aims to see whether 
this is the case for ports. 
. Caves et al (1982), in lookmg at United States private railways and Canadian pubhc 
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railways, concluded tiiat the Canadian public firm was more efficient. Tandon (1997) 
states that the process of identifying which approach is more efficient depends upon 
disentangling ownership firom the effects of deregulation and competitioa De Alessi 
(1980) states that not only are govemment firms less efficient but are also less 
successful in satisfying the consumer's needs. Everett and Robhison (1998) hi theu 
research into Ausfrahan port reform suggest that the ^ 'corporatization" of some ports has 
not resulted m the liberalisation and the near private performance that was anticipated. 
Freeh (1980) in looldng at the role of property rights within the firm suggests that if the 
ownership stracture is attenuated this leads to lower finn wealth and more non-
pecuniary benefits. Thus, privatisation, by shortening the ownership stracture should 
have an opposing effect. Likewise the organisation^ stractiue shoidd also play a 
significant role by suggesting that shnple stractures be inhefentiy more efficient than the 
more complex machine bureaucracy and divisional stractures. 
4. ORGANISATIONAL STRUCTURE 
Roe (1999), in looking at tiie newly privatised subsidiaries of die state owned PoUsh 
Ocean Lhies, observed that tiiere was a desire among the subsidiaries to avoid control of 
the parent company and to change tiie organisational stracture soon after privatisatioa 
Mmtzberg (1979) studied the different forms that organisation stractures take and 
reached the conclusion that there are essentially five dififerent types of organisational 
stracture; Simple, Machine Bureaucracy, Professional Bureaucracy, Divisional and 
Adhocra(y. As far as ports are concemed only three of these seem to fit into the modem 
day port stiructure. Fhrst let us consider the options that do not fit The adhocracy, 
siut^le for software companies and film producers where decisions have to be made 
quickly as the fiaial product is bemg produced, does not fit into the stracture of any port 
because of its lack of rigidity which wifhhi a port would likely lead to chaos. Ports 
require careful planning and development based upon what may be needed 10 or 20 
years into the future. Without the rigidity of a fonnal stracture the elements in the chain 
are kept hi the dark Only the person at tiie top has a view of the whole picture. 
Likewise the professional bureaucracy is not suitable in a port because of the routme 
and repetitive tasks that are commonplace within a port's day to day service. The 
professional bureaucracy is typical of industiies that require highly professional people 
such as lawyers and accoimtants to perform routine tasks in an imsupervised maimer. 
Whilst professional people are required in certain areas and qualified persormel needed 
to operate expensive and dangerous machinery, a professional bureaucracy would not be 
appropriate. This leaves us with the three remaining stractures that seem to apply in the 
port mdustiy, viz. simple stracture, machine bureaucracy and divisional. 
The shnple stiructure is the most flexible, allowing separate divisions/departments to 
report dhectiy to the top decision-maker. As 'simple stracture' suggests it is usually the 
first stage through which a company progresses in its evolution. Conceptually this 
stracture by its simphcity is therefore likely to be the most efficient hi the early stages 
of private port ownership. 
The divisional stracture occurs when companies haye widespread operations. Each 
department reports to a regional office that in tum reports to a select group of managers 
before mformation is passed to the top decision-maker. This stracture can be found 
among the municipal ports of tiie UK and the port societies of Chile. These divisional 
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stractures tend to be adopted where there are johit pubhc/private enterprises or where 
conglomerates own die port 
The machine bureaucracy is characterised by many departments reporting up a chain of 
command to a line manager before reporthig to the top decision-maker. Because the 
decision making has to foUow a long process before it reaches the top, decisions tend to 
be slower. These structures are often found in government-owned enterprises. 
4.1 Analysmg Organisational Charts 
Organisation charts were collated from the group of ports being smdied and were 
classified into the three apphcable orgarusational types as identified by Mhitzberg 
(1979) and discussed above. The variety of sizes and styles of organisational chart made 
tiie identification process arduous but not impossible. The categorisation of each port 
accordhig to Mintzberg (1979) was a process that required carefid consideratioa The 
three organisationai stiructures identified earlier as bemg relevant to ports were simple, 
divisional and machine bureaucracy. These as the names would suggest are qiute 
dififerent in appearance and indeed in the 'ideal' models they look very different The 
simple stracture has a hierarchy of ordy two layers, the divisional structure short (few 
layers) and narrow (few horizontal divisions) and the machine bureaucracy tall and fat. 
Thus when it came to applying the charts received from the ports to the three 
organisational stracture models several, or hideed most, did not appear to fit Therefore 
it was necessary to convert each chart into a mathematical formula in order that it could 
be analysed on a more objective basis. Because eadi stracture as identified by 
Mmtzberg (1979) had a characteristic shape to it, it was decided that the most accurate 
method of equating the organisation model to a formula was to give numeric values to 
tiie number of units, divisions and layers. The number of units represented each type of 
activity that was happening with the orgaiusation. Each activity unit reflects a-distinct 
process, responsibility, function or undertakmg that is bemg generated. All companies 
consist of these functions which, when working together, represent the entire activity of 
the bushiess. 
The divisions that exist withhi the organisation chart were determined by the number of 
distinct vertical linear pathways that could be perceived. Thus, where there was httie or 
no interaction between these distinct vertical linear pathways it could be evidenced that 
these were separate divisions that operated on a vertical reporting stractiire that are 
characteristic of a divisional organisatioa hi this type of organisation, because of the 
vertical reportmg stracture, it is sometimes commonplace for departments working in 
parallel not to be aware of what each other is domg. The next characteristic to be 
analysed numerically was the linear sfratification amphtude or the number or layers 
apparent within the organisation stracture. 
5. METHOD OF ANALYSING THE RESULTS 
Cluster analysis is one of a group of multivariate techniques. As the name implies 
cluster analysis is a statistical technique which sets out to solve problems m data 
analysis by groupmg together individuds or objects into clusters. Objects that are alike 
are grouped together into clusters. The members of the clusters are more ahke to each 
other than to members of other clusters. Thus the aim of cluster analysis is to interpret 
the variables by placing them into new groups tiiat can be easily understood (Aaker et al 
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1995). It is used in a multitude of disciplines such as psychology, biology, sociology, 
geography economics, enghieering and bushiess (Hair et al 1995). It is shnilar to factor 
analysis but whilst factor analysis is concemed with grouping variables, cluster analysis 
groups objects. The primary role of cluster analysis is to partition a set of objects into 
two or more groups. Whilst it is commonly used as an exploratory step to determine 
what is present it can also be used to test hypotheses by comparing the results with what 
the researcher expects to find or test. Like factor analysis cluster analysis is not a 
statistical inference technique where parameters fi:om a sample are said to be indicative 
of the entire popidatioa On the contiary, cluster analysis is an objective methodology 
for quantifying the stmctural characteristics of a set of observations. 
5.1 Results from the Application of Cluster Analysis 
Table 1 shows the numeric values awarded to each port m terms of the above mentioned 
tiiree distinct organisational criteria, i.e. units, divisions and layers. 
Thus, we can see in the second column that if cluster analysis is required to provide 
tiuree distinct clusters then all those ports appearing in cluster one are represented in 
column two with the number '1'. Similarly, those falling into clusters two and three are 
also marked with the number '2' or '3'. Column three provides the results if ordy two 
clusters are required. It can be seen that the distinction between clusters two and tiiree is 
not as strong as between one and two. 
The next three columns show how many units, divisions and layers each of the thirty-
one ports have present Thus, reading firom the top of the list we can see fliat the port of 
Antwerp has ten operational units, three divisions and three layers. Compare tiiis with 
Auckland, the first port alphabetically in cluster two, which has 30 operational units, 
five divisions and nine layers. If however we look at the characteristics of each cluster 
we can see that the ports in cluster one have an overall average number of fomteen 
units, six divisions and five layers. In comparisons with the other two clusters we can 
determme that the characteristics of cluster one are tiiat it has few units, a medium 
horizontal range of division and a short vertical range of layers which is reminiscent of 
the simple stinicture. 
However, this differs substantially fi"om example given by Mintzberg (1979) of a simple 
stiructure two l^ers deep and elongated horizontally. It shows that the stmcture of a port 
can contain several layers and divisions but the key element is that it must have very 
few fimctional units 
In cluster two tiie average number of units is almost two and a half thnes that of cluster 
one at thirty-four units. The average divisions are four and the number of layers nine. 
This tells us tiiat the key characteristics that make up cluster two are that it contains 
several units, is narrow horizontally and medium sized vertically. The conclusions 
drawn firom this are that this cluster is reminiscent of tiie divisional stiructure as 
described by Mintzberg (1979). 
Cluster three contains the largest number of numerical units at thirty-eight with the most 
divisions at eight and agahi the most layers at tea Ports within this group have 
organisational stiructures with copious uruts, are wide horizontally and long vertically. 
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Golumn seven shows flie number of major mcidents occurring within the portover the 
period 1987-1997. However, smce this data is incomplete it has not bear possible to 
show any relationship between the clusters. Further on going research is bemg 
conducted to complete this data field. Colunm eight shows the ownership of the port 
No relationship spears to exist between ownership and the organisational stracture. 
6. PROPOSED METHODOLOGY FOR ASSESSB>JG PORT SAFETY 
The results show that cluster analysis can be apphed to analysing organisational charts. 
The results indicate three general types of port orgarusational structures; these 
approxhnate three of the categories identified by Mhitzberg (1979). The next step in the 
research process is to obtain data on port safety and see whether a further examination 
of these clusters might reveal whether tiiere is a correlation between ownership patterns 
and certain organisational stiiictures and port safety. The proposed safety issue to be 
studied will relate to cases of m^or mcidents, such as cargo damage, property, personal 
injury, pollution and collisions, occurring within ports. The research carried out by the 
UK P&I Club found that no one area or, port proposed a safety concern. However, other 
factors such as ownership and orgarusational stractures may have a positive correlation 
and it is these concerns tiiat further research will address. The results will help serve as 
a guide to tiiose wishing to restiiictiire the management of their port by establishing 
whether there is a poshive link between the organisational stractures as represented by 
the tiuee clusters and tiie occurrence of major incidents within ports. 
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Table 1 An analysis of ports by organisational and ownership structures usmg cluster analysis 
Port 3 2 Units Divisions Layers No. of Ownership 
Clusters Clusters major 
safety 
Incidents 
Antwerp 1 1 10 3 3 62 p/p 
Astidod 1 1 14 9 8 public Cluster 1 Characteristics 
Felixstowe 1 1 12 10 4 private Average Units 14 Few Units 
Hawaii 1 1 7 4 3 public Average Divisions 6 Medium horizontally = Simple 
Hong Kong 1 1 10 5 4 private Average Layers 5 Short vertically 
Laem Ctiabang 1 1 12 8 11 p/p p/p 8 
Lisbon 1 1 23 12 7 public Public 7 
Long Beacti 1 1 16 6 6 p/p Private 3 
Melbourne 1 1 9 3 7 p/p Total 18 
Mumbai 1 1 20 8 7 public 
Port Evergiades 1 1 11 7 3 public 
Santos 1 1 19 5 5 private Cluster 2 Characteristics 
Seattie 1 1 20 3 3 p/p Average Units 34 Several Units 
Singapore 1 1 10 7 4 49 public Average Divisions 4 Narrow horizontally = Divisional 
Sydney 1 1 10 5 4 p/p Average Layers 9 Medium vertically 
Tacoma 1 1 11 5 5 public p/p 6 
Vancouver 1 1 16 5 3 p/p Public 2 
Zeebrugge 1 1 16 8 3 p/p Private 1 
Aucl<iand 2 2 30 5 9 p/p Total 9 
Genoa 2 2 33 3 5 p/p 
Hamburg 2 2 29 3 11 p/p 
Kaolisiung 2 2 33 4 5 public Cluster 3 Characteristics 
Keelung 2 2 37 3 7 public Average Units 38 Copious Units 
Las Paimas 2 2 29 2 16 p/p Average Divisions 8 Wide horizontally = Machine 
Los Angeles 2 2 31 5 13 p/p Average Layers 10 Long vertically Bureaucracy 
Manila 2 2 26 3 11 p/p p/p 2 
Souttiampton 2 2 29 5 3 private Public 2 
Halifax 3 2 42 7 11 p/p Private 
-
Houston 3 2 36 6 11 53 p/p Total 4 
Le Havre 3 2 36 8 10 public 
Tanjung Priok 3 2 38 10 9 public (key: p/p = public/private) 
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ABSTRACT 
There "are many factors that have an effect upon the performance of a port; the 
location, infrastmcture, superstnicture and connectivity to other ports are but a 
few. However, the way a porf s organisational stracture is designed can also 
have a significant effect on its performance. Over the last two decades tiiere has 
been a widespread trend toward port privatisation as stiategic planners seek to 
inject new finance throu^ private enterprise. Along with this change in port 
ownership characteristics there has also been a tendency to reorganise tiie 
management stracture. Whetiier tiie reorganisation is a means of reducmg the 
top-heavy bureaucracies or shifting the decision-making down to a divisional 
and regional basis, the process of reorganisation aims to discover the most 
efificient form of management Borrowing Mintzberg's concepts and 
classifications of organisational stractures, this paper will examine the 
organisational stracture of a sample of thhty-one contahier ports. 
KEYWORDS: ports, privatisation, organisational stracture, cluster analysis 
1. INTRODUCTION 
During the last two decades the ownership characteristics of many seaports as of many 
of the fimctions within seaports have changed. There has been a trend in various ports 
of die world towards privatisation of port facilities and port operators. This has atfracted 
much interest from both academics and those working in the industiy. This paper will 
examine seaports organisation and reorganisation following privatisatioa This is a 
prelhninary study that will allow for more detailed research to be carried out usmg other 
factors such as ownership stracture. It is hoped that the cluster analysis performed for 
tius paper will illuminate the different ways that port management can be stractured 
suggesting paths towards greater efificiency. 
The aim of this research is to investigate the different types of organisation structure 
foimd among contahier ports. Container ports now play a huge role in intemational 
commerce. Since the 1960's container traffic has grown at an increasing rate with no 
sign of abating. In 1999 the world seabome trade in dry cargo was estimated to have 
grown at 2.9%. This is also the average for all of the 1990s. Containerised cargo m 1999 
however rose by 8.4%. In 1980 containerised cargo accounted for around 20% of tiie 
general cargo market, whereas by 1999 it was 53.7% and is expected to be 57% in 2001 
(Drewry 2000). Drewry (2000) also report that 1999 was the fust year worid contamer 
port ti:afific surpassed tiie 200 milhon TEU threshold. World contamer port throu^put 
increased by 9.7% in 1999 on the previous year. The largest region of growth was the 
Far East with an average of 12.5%. The ports of Dalian and Shanghai stand out at 
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having achieved an increase of 32.2% and 37.3% respectively (Drewry 2000). This is 
further supported by UNCTAD (2000) which reports that total world output grew by 
2.7% in 1999 over the previous year with developmg cbimtries (China included) 
averaging 3.4%. Furthermore, Dynamar (2001) state that growdi in world trade of 
aroxmd 6% per atmum would mean that by 2020 world contmner trade wiU increase 
from its present 550 million tormes to 1.75 bilUon tones. 
Ships are also increasing in size and capacity. Long gone are the days when a handful of 
containers were carried on the deck of a general cargo vessel There are now contdner 
ships on the world's oceans that are capable of carrying in excess of 8,000 TEUs. The 
largest vessel, Maersk Sealand, reportedly has a capacity of aroimd 8,700 TEUs but the 
actual figure is a commercial secret and Dynamar (2001) claim that conceptual designs 
have been made for the 'Malacca Max' size vessel with a capacity of 18,000 TEUs. 
There are very few ports today that could receive a vessel that size. (Bremerhaven and 
Hambmg predict that the maximum vessel they can accommodate is around 12,500 
lEUs). 
Robmson (1998) in looking at the emergence of feeder ports in the Singapore-Japan 
corridor concluded that the high growth rates of containerised cargo have not only 
spawned new ports but have also increased the port handlhig volumes thereby justifymg 
the new ports as main ports of call rather than feeder ports. However, hi looldng at the 
shipper's criteria hi selecting container ports. Slack (1985) found that the choice of port 
appears to be based more upon price and quahty of service offered by land and ocean 
carriers than the port itself He states tiiat port facilities seemed to be taken for granted. 
If this was the case back in 1985 then because of the changes that have occurred to ports 
around the world since then, today things are different. Slack et al (1996) recognise this 
change when tiiey state that the process of taking bushiess for granted because of 
geographical location has now gone. Contahier ports can no longer rely upon customer 
loyalty due to changes that may occur hi the rescheduling of liner services. Heaver 
(1995) states that once the efBciency of a port's cargo handling process and inland 
transportation services are improved, geographical monopoly powers are eroded. Ports 
can no longer expect to attiact business merely because they are gateways to vast 
hinterlands (Notteboom and Wmkelmans 2001). They cite tiie example of CAST which 
moved its container business from Zeebragge to Antwerp 1999, after first moving to 
Antwerp from Zeebragge m 1993. This move represented 17% of Belgian contamer 
trafBc (Notteboom and Wmkehnans 2001). 
One worry for ports is that new global aUiances coidd mean they are dropped hi favour 
of ports never before perceived as a threat This point is particularly relevant to 
Singapore recent losses to the Malaysian Port Tanjung Pelepas. The latter captured the 
main part of Maersk's bushiess after Shigapore refused to give the Imer company its 
own dedicated termmal (Dynamar 2001). The process of port privatisation underwent a 
world-wide surge during the 1990s. This made shippers as weU as carriers more aware 
of the differences in quahty and service between ports. Before port customers were 
faced with a choice between different pubhcly owned ports and port facilities the choice 
now involves privately run enterprises and jointly owned companies. Port competition 
is now a more complex but more relevant factor influencing customer choice. Fleming 
and Baird (1999) suggest that the competitiveness is influenced by the following six 
factors: 
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• Port tradition and organisation 
• • Port accessibility, by land and sea; 
• State aids and their influence on port costs; 
• Port productivity; 
• Port selection preferences of carriers and shippers; and 
• Comparative locational advantage 
Privately run ports concentrate on customer satisfaction and draw on private financing 
of die latest port technologies. TrajiUi and Nombela (1999) highlight this pomt by 
stating that because of containerisation ports have changed firom bemg labour mtensive 
toward more coital intensity and require substantial investment in mfi'ashructure and 
equipment. Private port owners want to see greater tbrou^put m traffic at an ever-
increasing rate to generate the profit sought by tiieir private financiers. This has its 
repercussions on the shipowner whose requirements are given more.consideratioa Not 
oidy is the carrier seeing a faster tumaround time of his vessel in port but also a lower 
imit cost. Brazil's port of Santos has seen a pre-privatisation handling cost of $500 per 
container drop to $253 within 36 montiis of privatisation. Althou^ this is a significant 
saving it is still above the port's target price of $150, set at tiie thne of privatisatioa 
Figure 1 Distribution of TEU throughput amongst the top 100 container ports for 1998 
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In most advanced industries there are a few companies that dominate the market 
Known as market leaders, they contiol a significant market share of flie available 
bushiess. Container ports encounter a similar phenomenon with the top 15 ports 
controlhng over 50% of the world container traffic. Figure 1 shows how container 
throughput is distributed among the top 100 container ports. The disparity between 
those at the top and those lower down is highUghted wiien it is noted that the top 5 
container ports have a market share of over 30% of the available business. To iUustiate 
this further, the world's number one port m terms of container throughput, Shigapore, 
handles around 15m TEUs whereas number 100 on the list, Veracruz, only handles 
about 0.4m TEUs. The position between numbers one (Singapore) and two (Hong 
Kong) of the top 100 contahier ports are separated by a mere half a million containers. 
Number three on the other hand, Kaohsiung, handles less than half of the previous two 
with arornid 6m TEUs. The rate of declme in the number of containers passing through 
the port decUnes at a constant rate from position three imtil position 15 which is Gioia 
Tamo with a throughput of around 2m TEUs. Gioia Tauro, a major transhipment port in 
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the Mediterranean, was designed from scratch in the mid 1990's and to rise to a position 
of 15*^  is a remarkable achievement. From the 16*"* position throu^ to position 100 the 
slope is more gradual. There are 85 of the 100 ports whose TEU throughput is within 
1.5m TEUs of each other. However, cautions should be taken when analysmg these 
figwes since some ports count containers that are discharged from one ship and re-count 
them when transferred onboard another. This practice know as double coiuiting is 
prevalent amongst some transhipment ports. 
Figure 1 helps to deiSine the parameters of this research. The defining of a container port 
is open to question. Obviously it includes ports which handle container trafBc, but there 
is a big difference betweeii the port which receives a feeder vessel or barge carrying a 
couple of containers a year and the giants hke Singapore which handle over 40,000 
TEUs per day. By limiting this research to the top 100 container ports, all of the worlds' 
important container ports are mcluded as well as diose capable of making a challenge 
for high rankmg. 
With the population sample set at 100 the data were collected from a variety of soiuces 
that included Fairplay World Shipphig Encyclopaedia, Cargo System Joimial, 
individual port web sites and information provided by the European Sea Ports 
Organisation. 
2, ORGANISATIONAL STRUCTURE 
Roe (1999), in looking at the newly privatised subsidiaries of tiie state owned Pohsh 
Ocean Lines, observed tiiat there was a desire among the subsidiaries to avoid control of 
die parent company and to change the organisational stracture soon after privatisatioa 
Mmtzberg (1979) studied the different forms that organisation stractures take and 
reached the conclusion tiiat there are essentially five different types of organisational 
stracture; Simple, Machine Bureaucracy, Professional Biu-eaucracy, Divisional and 
Adhocracy. As far as ports are concemed only three of these seem to fit into the modem 
day port stracture. First let us consider the options that do not fit The adhocracy, 
siutable for soflware companies and film producers where decisions have to be made 
quickly as the final product is being produced, does not fit into tiie stracture of any port 
because of its lack of rigidity which witiun a port would likely lead to chaos. Ports 
requke careful planning and development based upon what may be needed 10 or 20 
years into the fiiture. Without the rigidity of a fonnal stracture the elements in the chain 
are kept m the dark. Oidy the person at the top has a view of the whole picture. 
Likewise the professional bmeaucracy is not suitable in a port because of the routine 
and repetitive tasks that are commonplace within a porf s day to day service. The 
professional bureaucracy is typical of industries that require highly professional people 
such as lawyers and accountants to perform routine tasks in an unsupervised manner. 
Whilst professional people are required in certain areas and quahfied personnel needed 
to operate expensive and dangerous machinery, a professional bureaucracy would not be 
appropriate. This leaves us with the three remaining stractures that seem to apply m the 
port hidustry, viz. simple stracture, machine bureaucracy and divisional. 
The shnple stmchire is the most flexible, allowing separate divisions/departments to 
report dhrectly to the top decision-maker. As 'simple stracture' suggests it is usually the 
first stage through which a company progresses in its evolutioa Conceptually this 
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stracture by its simplicity is therefore likely to be the most efficient in the early stages 
of private port ownership. 
The divisional stracture occurs when companies have widespread operations. Each 
department reports to a regional office that in tum reports to a select group of managers 
before information is passed to the top decision-maker. This stmcture can be found 
among the municipal ports of the UK and die port societies of Chile. These divisional 
stractures t^d to be adopted where there are joint pubhc/private enterprises or where 
conglomerates own the port 
The machine bureaucracy is characterised by many departments reporthig up a chain of 
command to a line manager before reporting to the top decision-maker. Because the 
decision making has to follow a long process before it reaches tiie top, decisions tend to 
be slower. These structures are often found in government-owned enterprises. 
2.1. Analysing Oi^ anisational Charts 
Once the orgarusation charts had been coUated the ports could be classified into the 
tiuee apphcable organisational types as identified by Mhitzberg (1979) and discussed 
above. The variety of sizes and styles of organisational chart made die identification 
process arduous but not impossible. The categorisation of each port according to 
Mhitzberg (1979) was a process that requhed careful consideratioa The tiiree 
organisational stractures identified earlier as being relevant to ports were shnple, 
divisional and machine bureaucracy. These as the names woidd suggest are quite 
different in appearance and indeed in the 'ideal' models they look very different Hie 
shnple stracture has a hierarchy of only two layers, the divisional stracture short (few 
layers) and narrow (few horizontal divisions) and the machhie bureaucracy tall and fat 
Thus when it came to applying the charts received fi'om the ports to the tiiree 
organisational stracture models several, or indeed most, did not appear to fit Therefore 
it was necessary to convert each chart into a mafliematical formula in order that it could 
be analysed on a more objective basis. Because each stracture as identified by 
Mintzberg (1979) had a characteristic shape to it, it was decided that the most accurate 
method of equating the organisation model to a formula was to give numeric values to 
the number of uruts, divisions and layers. The number of units represented each type of 
activity that was happening with the orgaiusation. Each activity unit reflects a distinct 
process, responsibility, function or undertaking that is bemg generated. All companies 
consist of these functions which, -when working together, represent the entire activity of 
the busmess. 
The divisions that exist witiiin the organisation chart were determined by the number of 
disthict vertical linear pathways that coidd be perceived. Thus, where there was httle or 
no interaction between these distinct vertical Unear pathways it could be evidenced that 
these were separate divisions that operated on a vertical reporthig stiucture that are 
characteristic of a divisional organisatioa In this type of organisation, because of the 
vertical reporting stracture, it is sometimes commonplace for departments working in 
parallel not to be aware of what each other is doing. The next characteristic to be 
analysed numerically was the linear stratification amphtude or the number or layers 
apparent within the organisation stracture. 
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3. METHOD OF ANALYSING RESULTS 
Cluster analysis is one of a group of multivariate techniques. As the name imphes 
cluster analysis is a statistical technique which sets out to solve problenos in data 
analysis by grouping together individuds or objects into clusters. Objects that are alike 
are grouped together into clusters. The members of the clusters are more aUke to each 
other than to members of other clusters. Thus the aim of cluster analysis is to interpret 
the variables by placing them into new groups that can be easily imderstood (Aaker et al 
1995). It is used m a multitude of disciplines such as psychology, biology, sociology, 
geography economics, engineering and bushiess (Hair et al 1995). It is similar to factor 
analysis but whilst factor analysis is concemed with grouping variables, cluster analysis 
groups objects. The primary role of cluster analysis is to partition a set of objects into 
two or more groups. Whilst it is commonly used as an exploratory step to determine 
what is presait it can also be used to test hypotheses by comparmg the results with what 
the researcher expects to find or test. Like factor analysis cluster analysis is not a 
statistical inference technique where parameters fi:om a sample are said to be indicative 
of the entire populatioa Chi the contrary, cluster analysis is an objective methodology 
for quantifying the structural characteristics of a set of observations. 
3.1 Results from the Application of Cluster Analysis 
Table 1 shows the numeric values awarded to each port in terms of the above mentioned 
three distinct organisational criteria, i.e. units, divisions and layers. 
Thus, we can see in the second column that if cluster analysis is required to provide 
three distinct clusters tiien all those ports appearing in cluster one are represented hi 
column two with the number T . Similarly, those falling into clusters two and three are 
also marked with the number '2' or '3'. Column three provides the results if only two 
clusters are required. It can be seen that the distmction between clusters two and three is 
not as strong as between one and two. 
The next three columns show how many units, divisions and layers each of the thhty 
one ports have present Thus, reading from the top of the list we can see that die port of 
Antwerp has ten operational units, three divisions and three layers. Compare this with 
Auckland, the first port alphabetically in cluster two, which has 30 operational units, 
five divisions and nine layers. If however we look at the characteristics of each cluster 
we can see that the ports in cluster one have an overall average number of fourteai 
units, six divisions and five layers. In comparisons with the other two clusters we can 
determine tiiat the characteristics of cluster one are that it has few units, a medium 
horizontal range of division and a short vertical range of layers which is reminiscent of 
the simple stmchire. 
However, this differs substantially firom example given by Mintzberg (1979) of a simple 
stmcture two layers deep and elongated horizontally. It shows that the stiructure of a port 
can contain several layers and divisions but the key element is that it must have very 
few functional units 
In cluster two the average number of units is almost two and a half times that of cluster 
one at thirty four units. The average divisions are four and the number of layers nine. 
This tells us that the key characteristics that make up cluster two are that it contains 
several units, is narrow horizontally and medium sized vertically. The conclusions 
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drawn from this are that this cluster is reminiscent of the divisional stmcture as 
described by Mmtzberg (1979). 
Cluster three contains the largest number of numerical units at thirty eight with the most 
divisions at eight and again the most layers at ten. Ports witiun this group have 
organisational stmctures with copious imits, are wide horizontally and long vertically. 
6. CONCLUSION 
The results show diat cluster analysis can be apphed to analysing organisational charts. 
The results indicate three general types of port orgarusational stmctures; these 
approximate three of Ihe categories identified by Mmtzberg (1979). The next step hi the 
research is to see whether a fiirther examination of these clusters might reveal whether 
port eflficiency can be attiibuted to specific stractures and whether there is a correlation 
between ownership patterns (private versus pubUc) and certain organisational stmctures. 
225 

Table 1 An analysis of container ports by organisational structure 
Port 3 Clusters 2 Clusters Units Divisions Layers 
Antwerp 1 1 10 3 3 
Ashdod 1 1 14 9 8 Cluster 1 Characteristics 
Felixstowe 1 1 12 10 . 4 Average Units 14 Few Units 
Hawaii 1 1 7 4 3 Average Divisions 6 IVIedium horizontally 
Hong Kong 1 1 10 5 4 Average Layers 5 Short vertically 
Laem Ciiabang 1 1 12 8 11 
Lisbon 1 1 23 12 7 
Long Beacli 1 1 16 6 6 
iWelbourne 1 1 9 3 7 
(lumbal 1 1 20 8 7 
Port Everglades 1 1 11 7 3 
Santos 1 1 19 5 5 Cluster 2 Characteristics 
Seattle 1 1 20 3 3 Average Units 34 Several Units 
Singapore 1 1 10 7 4 Average Divisions 4 Narrow horizontally 
Sydney 1 1 10 5 4 Average Layers 9 Medium vertically 
Tacoma 1 1 11 5 5 
Vancouver 1 1 16 5 3 
Zeebrugge 1 1 16 8 3 
Auckland 2 2 30 5 9 
Genoa 2 2 33 3 5 
Hamburg 2 2 29 3 11. 
Kaotisiung 2 2 33 4 5 Cluster 3 Characteristics 
Keelung 2 2 37 3 7 Average Units 38 Copious Units 
Las Palmas 2 2 29 2 16 Average Divisions 8 Wide horizontally 
Los Angeles 2 2 31 5 13 Average Layers 10 Long vertically 
ivianfia 2 2 26 3 11 
Souttiampton 2 2 29 5 3 
Halifax 3 2 42 7 11 
Houston 3 2 36 6 11 
Le Havre 3 2 36 8 10 
Tanjung Priok 3 2 38 10 9 
= Simple 
= Divisional 
= Machine Bureaucracy 
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Abstract 
Ports are by their very nature immovable objects that 
require advanced plaiming sometimes decades ahead. 
They can also consume vast amounts of capital in not 
only development costs but also in maintaining their 
function and viability in what can be a hostile and 
corrosive environment It is therefore not surprising that 
port efficiency ranks high amongst stakeholders' main 
priorities. Numerous studies have been conducted on 
port efficiency, some made using the assessment of 
productivity based upon output per worker [1], output 
per wharf [2] whilst others use production functions [3 
Sc. 4]. This paper will use a technique known as Data 
Envelopment Analysis (DEA) to calculate the relative 
efficiency of container ports using output by size of the 
port Nfertinez-Budria ei al [5] and Tongzon [6] 
conducted research using DEA on Spanish and 
Australian ports respectively. This paper [adopting a 
somewhat different approach from other authors] will 
focus on the regions of North America, Europe and the 
Far East, comparing efficiency with organisational 
structure, ownership and location factors. 
1. Introduction 
Understanding performance is a concept fundamental to 
any business, whether it is the measuring of 
achievements against set goals and objectives or, 
against the competitiorL Ports are no exception and it is 
only by comparison that perfonnance can be evaluated. 
Ports are, however, a complex business with many 
dififerait sources of inputs and outputs which makes 
direct cornparison among apparently homogeneous 
ports seem difficult The subject is further complicated 
by the various types of port ownership and 
organisational structures that exist throughout the 
world. During the last two decades the ownership of one 
of the most important trade entry points into any 
coimtry, the seaport, has changed from being solely in 
the hands of national or local govenmients into, either 
•v\4iolly or partially, private hands. It is this change 
vMch is called privatisation that has attracted much 
interest from both academics and those working within 
the industiy. This paper will look at how tiiese seaports 
are structured, owned and located to determine vdiether 
these factors have any relation to its perfonnance. The 
results of this paper will help serve as a guide for 
govenmients, port administrators and port owners on 
the different ways they can structure their ports which 
may lead to greater efficiency. 
2. Bacl^round 
Privatisation is a concept rather than an actual definable 
process. The word came into being during the late 
1960s and was later atfiibuted to the UK government's 
reforms to ownership and operation of numerous 
companies managed by the state. Chapman [7] has 
accredited Drucker [8] as the author of the word 
'privatization', in its American spelling. The actual 
process of implementing privatisation is not however a 
new concept Neither can it be said to have originated in 
the UK It was rather a christening of an established 
process, a renaissance of an earlier idea on the 
ownership and management of a company. What can be 
said is that the extent to which the UK govemment 
pursued this course of action certainly attracted 
attention from other countries vMch no doubt 
contributed to the sudden global desire to privatise 
duriog the 1980s. A comprehensive review of 
privatisation methods is given in Abdel-Fattah etal [9]. 
Privatisation in developing countries is often the first 
phase in a process of industrial Uberalisation and a 
move towards industrial progressioa Viewed as this 
first step towards creating free frade it has therefore not 
surprisingly been a high priority for developing 
countries. It be^ns with the transfer of absolute confrol 
of industry away from the govemment to private 
partners with particular expertise. The reasons for this 
change are numerous but can be simmiarised as follows: 
improvements in efficiency through private sector 
management skills; enhancement of service quality 
through improved commercial responsiveness; 
reduction in the fiscal burden of loss-making state 
enterprises or the need for the future subsidy; a 
reduction in the fiscal demands on central and local 
govemment through access to private sector capital; and 
additional revenue streams [10]. 
The value of world-wide privatisations in 1999 grew by 
10% over the preceding year providing govemments 
with US$145 billion [11]. Some countries have rapidly 
progressed towards this goal of privatisation whilst 
others have been hindered by political, fiscal, labour or 
a general unwillingness to accept change. 
One of the 'problems' with privatisation is the 
perception that it reduces jobs, frideed, this is often the 
immediate reality in many industries that are privatised, 
as companies no longer have to accept restrictive 
employment practices. The longer term view that it 
creates efficiency, profitability and growth are not 
issues that are considered by those faced with the 
prospect of redundancy. 
3. Ownership structure 
Cass [12] in his study of world port privatisation 
concluded that there were only really three types of port 
ownership, public, private or joint public/private. He 
points out that the most coimnon type of port 
privatisation are (1) the sale of operating concessions, 
(2) joint public/private venture, (3) private orientated 
but port authority confrolled operating subsidiaries, (4) 
the 'corporatisation' of govenmient port agencies or (5) 
the dissolution of government owned cargo handling 
monopolies. The 'lock, stock and barrel' ^proach of 
Great Britain and New Zealand are the exceptions. The 
degree of public involvement is naturally dependent 
vtpon national ideology. Cass [12] and Heikkila [13] 
both state the examples of the United States whare flie 
municipal authority plays a major part in the operation 
of the port. Here ports compete against other ports along 
the coast for business. However, at the other end of the 
scale is Taiwan vAiere the administration of the ports is 
centralised, 
Boardman and Virmiog [14] found that dififerent ^es 
of ownership structure, the state owned enterprises and 
mixed economies performed substantially worse than 
similar private companies. They concluded that there 
were performance differences between public and 
private compaiues in competitive environments and, 
that wiere there was a partial privatisation the 
performance was sometimes the worse. They cited that 
conflicting ideologies between the two different owners 
cause what they term 'cognitive dissonance'. However, 
Bos [15] looked at what Tandon [16] called "the survey 
of all the surveys" on the eflSciency of public and 
private firms and came to the opinion that Boardman 
and Vinning [14] had direct opposing views from a 
previous study by Borcherding etal [17]. Tandon's [16] 
explanation of these apparent conflicting views relies 
not upon the ownership structure but upon the market 
conditions in which they operate. Private firms are 
likely to be in a more competitive environment and thus 
more in tune with the need to be efficient than public 
enterprises that perhaps operate in a restrictive 
environment He argues that in studies involving public 
and private firms in the same business, such as aklines, 
some private airlines are more profitable but on balance 
it is approximately equal. This research aims to see 
whether this is the case for ports. 
Caves et al [18] m looking at United States private 
railways and Canadian public railways concluded that 
the Canadian public firm was more efficient Tandon 
[16] states that the process of identifying -which 
approach is more efficient depends upon disentangling 
ownership &om the effects of deregulation and 
competition. De Alessi [19] states that not only are 
govemment firms less efficient but are also less 
successful in satisfying the consumer's needs. Everett 
and Robinson [20] in their research into Australian port 
reform suggest that the "corporatization" of some ports 
has not resulted in the liberalisation and the near private 
perfonnance that was anticipated. Freeh [21] in looking 
at the role of property rights within the firm suggests 
that if the ownership stracture is attenuated this leads to 
lower firin wealth and more non-pecuniary benefits. 
Thus, privatisation, by shortening the ownership 
structure should have an opposing effect Likewise the 
organisational structure should also play a significant 
role by suggesting that simple structures be inharently 
more efficient than the more complex machine 
bureaucracy and divisional structiares. 
4. Organisational stracture 
Roe [22] in looking at the newly privatised subsidiaries 
of the state owned Polish Ocean Lines observed that 
there was a desire to avoid confrol from the parent 
company and to change the organisational structure 
soon after privatisatioa Mintzberg [23] looked at 
organisational structures and reached the conclusion 
that there are essentially five different types of 
organisational stracture, simple, machine bureaucracy, 
professional bureaucracy, divisional and adhocracy. As 
far as ports are concemed only three of these seem to fit 
into the modem day port structure. First let us consider 
the options that do not fit The adhoaacy does not fit 
into the structure of any port because of its lack of 
rigidity. Suitable for software companies and film 
producers, its role within a port would likely lead to 
chaos. Ports require careful planning and development 
based upon what may be needed 10 or 20 years into the 
future. Without the rigidity of a formal stracture each 
element in the chain would not know the v^ liole picture, 
only the person at the top may see everything. Likewise 
the professional bureaucracy is not suitable in a port 
because of the routine and repetitive tasks that are 
commonplace within a port's day to day service. The 
professional bureaucracy is typical of industries that 
require highly professional people to perform routine 
tasks in an imsupervised manner such as solicitors and 
accountants. Whilst professional .people are required in 
certain areas and qualified personnel needed to operate 
ej^ ensive and dmigerous machinery, a professional 
bureaucracy would not be appropriate. This leaves us 
with the tiiJree remaining structures that are prevalent in 
the port industiy, viz. simple structure, machine 
bureaucracy and divisional. 
The simple structure is the most flexible, allowing 
separate divisions/departments reporting straight to the 
top decision-maker. As the name suggests it is usually 
the first stage through -wiiich a company progresses in 
its evolution. This structure by its simplicity is therefore 
likely to be the most efficient 
The machine bureaucracy is characterised by its many 
departments reporting vp a chain of command to a line 
manager before reporting to the top decision-maker. 
Because the decision making has to follow a long 
process before it reaches the top, decisions tend to be 
slower. These structures tend to be found in govemment 
owned enterprises and heace the inclusion of port 
bodies and corporatisation in this category. 
The divisional sfructure occurs when companies operate 
within large areas. Each department has to report to a 
regional office that in turn reports to a select group of 
managers before information is passed to the top 
decision-maker. This structure can be best seen in the 
mumcipal ports of the UK and the port societies of 
Columbia. These divisional stractures tend to operate 
v/heie there are joint public/private enterprises or where 
conglomerates own the port 
5. Technique for Measuring Efficiency 
Data Envelopment Analysis [DEA] is an established 
statistical technique which measures the relative 
efSciencies of imits where simple efBciency measures 
are difficult to obtain [24 and 25]. The main attraction 
of DEA is that it can deal with multiple inputs and 
outputs. The units in any DEA assessment are generally 
homogeneous and independent units performing the 
same function, and it is of most use where there are a 
large number of units providing an 'identical' sendee in 
relative isolation [26]. DEA was first developed as a 
way of measuring service units by Chames et al [25] 
and was based xxpaa. Farell's [24] idea of linking the 
estimation of technical efficiency and production 
frontiers. The model has since been added to and 
developed over the years. Between 1978 and 1992 over 
400 articles, books and dissertations were published on 
DEA [27]. Warwick Business School has pioneered the 
research and is regarded as one of the leading 
institutions worldng in this field. DEA has been 
successftilly used to research airports [28 and 29], local 
government authorities, courts, hospitals general 
medical practitioners and bank branches to test 
efficiency v^ i^ere there are multiple cenfres of inputs and 
outputs. Its application to the port industry would 
therefore appear to be ideal. There have however only 
been a few studies involving seaports using DEA. 
Martine&Budria et al [5] and Tongzon [6] are two 
studies using Spanish and Australian ports, respectively. 
Roll and Hayuth [30] in a hypothetical study state that 
DEA is a most suitable tool for measuring port 
efficiency. 
Sachis [31] looked at the different techniques for 
measuring productivity and confirmed DEA's 
usefulness. However his research adopted an 
engineering method to take account of the technological 
investments when looking at the efficiency of Israeli 
ports. Various other studies have used the assessment of 
productivity based upon ou^ut per worker [1], output 
per wiarf [2] whilst others use production fimctions [3 
and 4]. Gillen and Lall [28] looked at airport temunals 
and chose two ou^uts, number of passengers and 
pounds weight of cargo. They chose six inputs: number 
of runways, nimiber of gates, terminal area, mmiber of 
employees, number of baggage collection belts and 
number of public parking places. They conclude that the 
number of gates has the greatest overall effect yspaa. 
efficiency. In terms of ports, gates, vMch feciUtate the 
loading of the cargo, could be equated to loading 
cranes, and runways to berths. 
6. Analysing the results 
Efficiency can simply be expressed as a ratio of output 
to input provided that the product only produces one 
output. However, as most institutions produce multiple 
outputs from multiple inputs each variable must be 
given a weighting to produce a more accurate result 
Efficiency then begins to resemble the sum of weighted 
outputs over the sum of weighted inputs. As the method 
of weighting can be biased towards one particular 
outcome, the DEA technique allows for each weighted 
input/output to be seen in its most favourable light The 
nimiber of variables entered into the formula mean the 
less emphasis there will be on any p^cular piece of 
data. Therefore Szczepura et al [26] argue that the 
number of variables should be kept to as low as 
possible. Weighting has also been omitted within this 
calculation to reduce the possibility of ambiguous 
results. 
The results of table two show that by applying this 
analysis two ports are considered to be 100% efficient 
The results show that the-two most efficient ports are 
also the world ranking number one and number two 
ports in terms of container throughput 
The calculations are capped at 100% since this is the 
majdmum efficiency that can be reached. If however 
this cap is removed then the relative efficiency rating 
for the port of Singapore is 168.72 and Hong Kong 
176.14. This means that Hong Kong is the most 
efficient container port examined in this study. The gap 
between the so-called top two ^ o scored 100% and 
that of third position, Houston, is quite considerable. 
Houston has a relative efficiency rating of 71.62, this is 
less than half that of Hong Kong This difference liiay 
result from the main priorities of the top two ports being 
container traffic, wiiereas the other ports in the study 
seem to diversify into other areas. 
6.1 CLUSTER ANALYSIS 
Cluster analysis is one of a group of multivariate 
techniques. As the name imphes cluster analysis is a 
statistical technique wiiich sets out to solve problems in 
data by grouping together sunilar individuals or objects 
into clusters. The members of the clusters are more 
alike to each other than members of other clusters. Thus 
the aim of cluster analysis is to interpret the variables by 
placing them into new groups that can be easily 
understood [32]. It is used in a multitude of disciplines 
such as psychology, biology, sociology, economics, 
engineering and business [33]. It is similar to fiictor 
analysis but wWlst factor analysis is concemed with 
grouping variables, cluster analysis groups objects 
together. It is particularly useful as a data reduction 
technique viien there is a large amount of data that 
would prove arduous to interpret By groi5)ing the 
results into clusters or groups it is then easier to 
understand what each groiq) represents and thus its 
place in the overall picture. Whilst it is commonly used 
in an exploratory role it can also be used to test 
hypotheses by comparing the results with the 
researcher's e3q)ectatipns. As with factor analysis, 
cluster analysis is not a statistical infermce technique 
where parameters from a sample are said to be 
indicative of the entire population. On the contrary, 
cluster analysis is an objective methodology for 
quantifying the structural characteristics of a set of 
observations. Hair et al [33] state that care should be 

vsed- v/bsa relying upon the results of cluster analysis 
because of the degree of input and interpretation need 
by the researcher. They state that cluster analysis is 
more of an art than a science but used cautiously the 
results can be very informative. 
The process be^ns by selecting the variables to be 
included into the process. It is then the researcher's 
choice as to how many clusters are included. These two 
points are haice fimdamental in the final results. The 
actual variables selected in this research are four and the 
required number of clusters was three. The results of the 
analysis showed that although three distinct clusters 
could be shown, two distinct clusters were evident. 
6.2 DISCRIMINANT ANALYSIS 
Discriminant analysis is similar to cluster analysis in 
that it attempts to divide individuals and not variables 
into distinct groups. Discriminant analysis differs firom 
cluster analysis in that the numbra: of characteristics 
derived fi-om the clusters are not usually known before 
the analysis and the group numbers and membership are 
predict^. Discriminant analysis creates a regression 
equation that uses a dependent variable that is discrete 
rather than continuous [34]. It uses pre-existing data in 
which group membership is akeady known, a regression 
equation can then be calculated that discriminates 
between the groups. This pre-existing data comes firom 
previous studies for which the groins and results are 
akeady known. 
6.3 ANALYSING ORGANISATIONAL 
CHARTS 
Once the organisation charts had been collated it was 
necessary to classify the ports into the three 
organisational types as identified by Mintzberg [23] and 
discussed above. The variety of sizes and styles of 
organisational chart made the identification process 
arduous but not impossible. Mintzberg [23] identified 
several difforent organisational structures that could be 
appUed to any business. The three structures identified 
earUer as being relevant to ports were simple, divisional 
and machine bureaucracy structures. The simple 
structure is simply two layers, the divisional structure 
"short and narrow" and the machine bureaucracy "taU 
and faf. When it came to applying these three distinct 
types of organisation to the actual organisational of 
ports several, or indeed most, did not appear to fit 
Therefore it was necessary to convert each chart into a 
numerical format in order that it could be analysed on a 
more objective basis. Because each structure as 
identified by Ivfintzberg [23] has a characteristic shape 
to it, it was decided that the most accurate method of 
equating the organisation model to a formula was to 
give numeric values to the number of imits, divisions 
and layers. The number of units represented each 
activity within the organisation. Each activity is the 
process, responsibiUty, function or undertaking that is 
being generated. AU companies consist of such 
functions vMch. combined represent the entire activity 
of the business. 
The divisions within an organisation chart were 
determined by the number of distinct vertical linear 
pathways. Where there was Uttle or no interaction 
between these distinct vertical linear pathways it could 
be evidenced that these were separate divisions that 
operated on a vertical reporting structure characteristic 
of a divisional organisatioa In this type of organisation, 
because of the vertical reporting sfructure, it is 
sometimes commonplace for departments working in 
parallel not to be aware of v^ hat each other is doing. The 
next characteristic to be analysed numerically was the 
linear stratification ampUtude or the number or layers 
apparent within the organisation structure. 
6.4 RESULTS FROM THE 
APPLICATION OF CLUSTER ANALYSIS 
Table 3 shows the numeric values awarded to each port 
in terms of the above mentioned three distinct 
organisational criteria, viz. units, divisions and layers. 
Thus, we can see in the second colunm that if cluster 
analysis is required to provide three distinct clusters 
then aU those ports appearing in cluster one are 
represented in colunm two with the number '1'. 
Similarly, those falling into clusters two and three are 
also marked with the number '2' or '3'. 
The next three columns show how many units, divisions 
and layers each of the twenty-six ports have present 
Thus, reading firom the top of the list for Europe we can 
see that the port of Antwerp, vAnch falls within cluster 
one, has ten operational units, three divisions and three 
layers. Compare this with Kaohsiung, from the Far East 
which falls within cluster two, it has 33 operational 
units, four divisions and five layers. Whereas, Halifax at 
the top of the list faUs within cluster three and has 43 
units, seven divisions and 11 layers. 
Examining the av^age relative efficiency rating for 
North American and European ports, it can be seen that 
they relate relatively the same at, 32.56% and 32.94% 
respectively. However, Far East ports tend to be 
significantly higher with an average relative efficiency 
rating of 54.74%. When comparing this to the relative 
efSciency rating of the three clusters representing the 
dififerent organisational structures, it can be seen that 
the average efficiency rating for clusters one, two and 
three are 40.50%, 37.28% and 40.58% respectively. 
Thus, it appears the correlation between eflSciency and 
organisational sfructure is not as great as between 
efSciency and certain locations. 
If however we look at the characteristics of each cluster 
we can see that the ports in cluster one have an overaU 

average number of fourteen imits, seven divisions and 
five layers. In coiiiparison with the other two clusters 
we can determine that the characteristics of cluster one 
are that it has few units, a mediimi horizontal range of 
division and a short vertical range of layers which is 
reminiscent of the simple structure. 
However, this differs substantially from the "ideal" 
example given by Mintzberg [23] of a simple structure 
two layers deep and elongated horizontally. It shows 
that the structure of a port can contain several layers and 
divisions but the key element is that it must have very 
few fimctional units 
In cluster two the average number of units is over twice 
that of cluster one at thirty-one units. The average 
number of divisions are four and the number of layers 
nine. This tells us that the key characteristics that make 
up cluster two are that it contains several imits, is 
narrow horizontally and medium sized vertically. The 
conclusions drawn from this are that this cluster is 
reminiscoit of the divisional structure as describe by 
Mintzberg [23]. 
Cluster frnee contains the largest number of numerical 
units at thirty-eight with the most divisions at eight and 
again the most layers at ten. Ports within this group 
have organisational sfructures with copious units, are 
wide horizontally and long vertically. 
The column labelled DEA contains the results of the 
application of Data Envelopment Analysis applied to 
the inputs and outputs of the port as discuss earlier and 
shown in table 1. Column eight represents the 
ownership structure of the port The ownership structure 
has been divided into the three distinct types of port that 
exist, i.e. public, private and joint public/private [p/p]. 
As can be seen from columns labelled DEA and 
Ownership no one particular cluster has a plethora of 
any particular ownership pattern or eflSciency rating. 
Thus shows that there is a fair distribution of the 
different types of ownership structure and efficiency of 
ports among the clusters. 
7. OWNERSHIP AND EFFICIENCY 
Table 3 also shows the average number of ports owned 
for the three different port types as defined by Cass [12] 
and the average efficiency rating for each cluster. Thus, 
we can see from cluster one that out of the sample of 
twenty-six ports, sbc are public/private, six public and 
two private. The ports falling into cluster one have an 
average efificiency of 40.50. Of the eighteen ports that 
fall within cluster one, eleven have some form of 
private ownership. 
In cluster two there are eight ports, of which six contain 
some form of private ownership, with an average 
eflSciency of 37.28%. Whereas in cluster three, none of 
the ports are private and the average efiSciency rating is 
40.58%. 
Applying discriminate analysis the results were exactly 
the same as for cluster analysis. This therefore confirms 
the results of cluster analysis as being reliable. 
By placing the results from the eflSciency analysis and 
the numerical values assigned to the organisational 
charts into cluster analysis it has shown that the most 
efficient organisational stiucture is the simple structure. 
The ownership structure on the other hand does not 
seem to have a bearing upon efficiency as there is no 
ownership type dominant within any one cluster. The 
difference between the efficiency of the three clusters is 
only marginal In a slightly larger sample however 
Valentine and Gray [35] found there to be more of a 
distinction between the clusters. 
8. CONCLUSION 
The results show that cluster analysis can be appUed to 
analysing organisational charts. The results enable 
clearly defined types of organisational structures to be 
identified and also confirm that ports can be defined 
into the categories identified by Mintzberg [23] i.e. 
simple, divisional and machine bureaucracy. 
Furthermore the use of DEA as a means of testing 
container port efficiency has also proven successful in 
helping to highlight the characteristics of an efficient 
port. The results show that for this sample there does 
not appear to be any significant difference between the 
different organisational structures nor, does ownership 
appear to have any significant influences upon 
efficiency. Whilst these findings are not as conclusive 
as an earUer study by Valentine and Gray [35] these 
results however show a positive correlation between 
efficiency and locatioiL Predictions can therefore be 
made based upon the regional location of a port and by 
examining its organisational chart to determine which 
of the Mntzberg [23] categories is applicable and thus 
the likely efficiency rating. Since a ports location 
caimot be moved to distant regions, organisational 
restructuring of an inefficient port must not been seen in 
its own right to be the panacea but must go hand-in-
hand with new fimancing and investment The 
recommendation for port managers is to be aware of 
regional characteristics and implement a structure that is 
simple in nature and therefore robust and reflective to 
changing environments. 
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Table 1 Raw data before being analysed using DEA 
Port No. of Total tons Total Container 
Containers throughput Length berth 
of berth length 
[metres] [metres] 
Antwerp 3,265,000 119,788,549 62,052 8,859 
Felixstowe 2,461,823 30,025,285 3,972 2,773 
Genoa 1,265,593 46,681,644 8,375 1,720 
Halifax 435,425 14,018,831 5,948 981 
Hamburg 3,546,940 75,821,000 25,941 11,615 
Hawaii 1,082,346 6,567,637 9,202 3,808 
Hong Kong 14,582,000 167,170,000 13,801 6,059 
Houston 968,169 169,100,000 24,648 4,378 
Kaohsiung 6,271,053 98,203,000 25,800 7,790 
Keelung 1,621,222 26,601,000 7,730 3,090 
Laem Chabang 1,425,000 13,743,000 3,350 1,600 
Las Palmas 490,577 7,912,000 9,900 1,744 
Le Havre 1,320,000 66,407,000 15,037 5,225 
Lisbon 364,320 11,251,000 16,000 1,530 
Long Beach 4,100,000 60,800,000 18,182 6,001 
Los Angles 3,378,218 82,126,624 13,758 6,005 
Manila 1,856,372 30,868,000 9,138 1,300 
Mumbai 503,310 30,970,000 8,629 1,056 
Port Everglades 704,390 21,000,000 7,642 2,112 
Seattie 1,544,000 13,000,000 22,912 5,378 
Singapore 15,100,000 313,322,000 25,884 5,810 
Southampton 846,257 35,000,000 10,053 1,350 
Tacoma 1,156,500 8,612,765 11,825 2,268 
Tanjung Priok 1,609,340 30,903,000 9,205 2,440 
Vancouver 800,000 71,933,000 11,243 3,030 
Zeebragge 776,357 33,283,000 10,770 3,085 
N.B. The column labeUed 'No, of Containers' represent data derived from 1998 and pubUshed by Cargo System Journal in July 1999. The source for the data 
represented in the remaining columns is derived from Fairplay World Ports Encyclopaedia for the year 1998. 
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Table 2 Relative efficiency rating of sample ports together with world rankmg for 1998 
Port Relative World Efficiency 
Efficiency Ranking Ranking 
Hong Kong 100 2 1 
Singapore 100 1 2 
Houston 71.62 48 3 
Fehxstowe 62.41 14 4 
Manila 54.94 19 5 
Mmribai 54.38 74 6 
Vancouver 52.85 59 7 
Genoa 50.33 34 8 
Los Angeles 49.28 8 9 
Southampton 48.08 55 10 
Laem Chabang 40.26 29 11 
Le Havre 36.47 30 12 
Kaohsiung 32.23 3 13 
Keelung 28.41 24 14 
Tanjimg Priok 27.73 25 15 
Long Beach 27.63 6 16 
Halifax 26.50 86 17 
Zeebrugge 25.52 61 18 
Hamburg 24.13 7 19 
Antwerp 25.07 9 20 
Port Everglades 22.70 64 21 
Tacoma 19.62 37 22 
Lisbon 13.64 94 23 
Hawau 11.75 41 24 
Seattle 11.12 27 25 
Las Palmas 10.82 76 26 
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Table 3 An analysis of ports by organisational structure, ownership using cluster and data envelopment analysis 
Port Clusters Units Divisions Layers DEA Ownership 
North Halifax 3 42 7 11 26.50 p/p Cluster 1 Characteristics 
America Hawaii 1 7 4 3 11.75 public Average Units 14 Few Units 
Houston 3 36 6 11 71.62 p/p Average Divisions 6 Medium horizontally 
Long Beach 1 16 6 6 27.63 p/p Average Layers 5 Short vertically 
Los Angeles 2 31 5 13 49.28 p/p p/p 6 
Port Everglades 1 11 7 3 22.7 public Public 6 
Seatde 1 20 3 3 11.12 p/p Private 3 
Tacoma 1 11 5 5 19.62 public Total 14 
Vancouver 1 16 5 3 52.85 p/p 
32.56 Average Efficiency 40.50 
Europe Antwerp 1 10 3 3 25.07 p/p Cluster 2 Characteristics 
Felixstowe 1 12 10 4 62.41 private Average Units 31 Several Units 
Genoa 2 33 3 5 50.33 p/p Average Divisions 4 Narrow horizontally 
Hamburg 2 29 3 11 24.13 p/p Average Layers 9 Medium vertically 
LasPalmas 2 29 2 16 10.82 p/p p/p 5 
Le Havre 3 36 8 10 36.47 public Public 2 
Lisbon 1 23 12 7 13.64 public Private 1 
Southampton 2 29 5 3 48.08 private Total 8 
Zeebrugge 1 16 8 3 25.52 p/p 
32.94 Average Efficiency . 37.28 
Far East Hong Kong 1 10 5 4 100 private Cluster 3 Characteristics 
Kaohsiung 2 33 4 5 32.23 public Average Units 38 Copious Units 
Keelung 2 37 3 7 28.41 public Average Divisions 8 Wide horizontally 
Laem Chabang 1 12 8 11 40.26 p/p Average Layers 10 Long vertically 
Manila 2 26 3 11 54.94 p/p p/p 2 
Mumbai 1 20 8 7 54.38 public Public 2 
Singapore 1 10 7 4 100 public Private 
-
Tanjung Priok 3 38 10 9 27.73 public Total 4 
54.74 Average Efficiency 40.58 • 
= Simple 
= Divisional 
= Machine 
Bureaucrai 
(key: p/p = public/pm 
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Abstract 
Competition between ports can be said to be at an imparaUeled stage in its evolution from the 
small port of pre-industriahsation serving a local community to the present day hub ports serving 
many countries perhaps hundreds of miles apart. Ports are by tiieh: very nature immovable objects 
that require advanced planning sometimes decades ahead. It is therefore not surprising that port 
efiBciency rardts high amongst stakeholders' mam priorities. Thus with the hicrease competition 
also comes an increase in the need to calculate port efihciency. Numerous studies have been 
conducted on port efficiency, some made usmg the assessment of productivity based upon output 
per worker (De Monie 1987), output per wharf (Frankel 1991) wiiilst others use production 
functions (Kim & Sachis 1986 & De-Neufville and Tsunokawa 1981). This paper will use a 
teclmique known as Data Envelopment Analysis (DEA) to calculate the relative efficiency of 
container ports usmg output by size of the port. Martinez-Budria et al (1999) and Tongzon (2001) 
conducted research using DEA on Spanish and Australian ports respectively. This p^er will 
focus on the regions of Europe and the Far East, comparing efficiency with orgaiusational 
structure, ownership and location factors. 
Introduction 
World container port traffic continued to expand in 1998 at a rate of 6.7 per cent over 1997, 
reaching 165.0 million TEUs, of which 88.5 milhon TEUs (or 53.6 per cen^ compared witii 50.9 
per cent m 1997) were handled at tiie ports of develophig countries (UNCTAD 2000). For some 
major contamer ports such as Colombo and Algeciras transhipment fraffic makes up 70-80% of 
their total throu^put. It has been estimated that 26% of world port movements are transhipment 
(Cargo Systems 2000). This growth in transhipment cargo has in mm brought about an increase 
in port competition as ports never previously considered to be competitions now compete for the 
same bushiess. Likewise, the emergence of global liner shippmg companies have also meant that 
fewer ports of call are deshred for the largest container vessels meaning that ports have to try 
harder to compete for business against fewer customers in a augmented market place. 
Understanding performance is a concept fundamental to any busmess, whether it is the measuring 
of achievements against set goals and objectives or, against the competition. Ports are no 
exception and it is ordy by comparison that performance can be evaluated. Ports are, however, a 
complex busmess with many different sources of inputs and outputs which makes duect 
comparison among apparently homogeneous ports seem difficult. The subject is fiuther 
comphcated by the various types of port ownership and organisational stractures tiiat exist 
throu^out the world. During the last two decades the ownership of one of tiie most important 
trade entry points into any country, the seaport, has changed from bemg solely in the hands of 
national or local govemments into, either wholly or partially, private hands. It is this change 
which is called privatisation that has atfracted much interest from both academics and tiiose 
working within the hidustry. This paper wiU look at how these seaports are stractured, owned and 
located to determine whetiier these factors have any relation to its performance. The results of 
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this paper will help serve as a guide for govemments, port admmistrators and port owners on the 
different ways they can stmcture theh ports which m ^ lead to greater efificiency 
Bad^round 
Privatisation is a concept rather than an actual defimiable process. The word came into being 
during the late 1960s and was later attributed to die UK government's reforms to ownership and 
operation of numerous companies managed by the state. Chapman (1990) has accredited Dmcker 
(1969) as the audior of die word "privatization', in its American spelhng. The actual process of 
implementing privatisation is not however a new concept. Neither can it be said to have 
originated in the U K It was rather a christenmg of an established process, a renaissance of an 
earUer idea on the ownership and management of a company. What can be said is that the extent 
to which the UK govemment pursued tiiis course of action certairdy attiacted attention firom otiier 
countries which no doubt contributed to tiie sudden global desire to privatise during the 1980s 
and 1990s. The value of world-wide privatisations in 1999 grew by 10% over the preceding year 
providing govemments with US$145 bdlion (Washmgton Times 2000). Some countries have 
r^idly progressed towards this goal of privatisation whilst others have been hindered by 
pohtical, fiscal, labour or a general unwillmgness to accept diange. A comprdiensive review of 
privatisation metiiods is given in Abdel-Fattah et al (1999). 
Privatisation in developing coimtries is often the first phase in a process of industrial 
liberalisation and a move towards industrial progressioa Viewed as ftis first step towards 
creating free trade it has therefore not surprisingly been a high priority for develophig countries. 
It begins with the transfer of absolute contiol of industry away firom the govemment to private 
partners with particular expertise. The reasons for this change are numerous but can be 
summarised as follows: improvements hi efficiency through private sector management skills; 
enhancement of service quahty through improved commercial responsiveness; reduction hi the 
fiscal burden of loss-makhag state enterprises or the need for tiie fiiture subsidy; a reduction in the 
fiscal demands on central and local govemment through access to private sector capital; and 
additional revenue stieams (Port Development Intemational 1999). 
Ownership structure 
Cass (1996) in his study of world port privatisation concluded that there were only really three 
types of port ownership, pubUc, private or joint pubhc/private. He points out that tiie most 
common type of port privatisation are (1) die sale of operathig concessions, (2) johit 
pubhc/private venture, (3) private orientated but port aufliority controlled operating subsidiaries, 
(4) the 'corporatisation' of govemment port agencies or (5) the dissolution of govemment owned 
cargo handling monopohes. The 'locl^ stock and barrel' approach of Great Britain and New 
Zealand are the exceptions. The degree of pubUc hivolvement is naturaUy dependent upon 
national ideology. Cass (1996) and Heikkila (1990) both state the examples of the United States 
where the municipal authority plays a major part in the operation of the port. Here ports compete 
against other ports along the coast for business. However, at the other end of tiie scale is Taiwan 
where the administration of the ports is centrahsed. 
Boardman and Vinnmg (1989) found tiiat different types of ownership stracture, flie state owned 
enterprises and mixed economies performed substantially worse than similar private compaiues. 
They concluded that there were performance differences between public and private companies in 
competitive environments and, that where there was a partial privatisation the performance was 
somethnes the worse. They cited that conflicting ideologies between the two different owners 
cause what they term 'cognitive dissonance'. However, Bos (1991) looked at what Tandon 
(1997) called "the survey of all the surveys" on the efficiency of pubhc and private firms and 
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came to the opmion that Boardman and Vhmhig (1989) had dkect opposmg views from a 
previous study by Borcherding et al (1982). Tandon's (1997) explanation of these apparent 
conflicting views relies not upon the ownership stracture but upon the market conditions in which 
they operate. Private firms are Ukely to be in a more competitive environment and thus more in 
tune with the need to be efficient than pubhc enterprises that perhaps operate in a restrictive 
envirorunent. He argues that in studies involving pubhc and private firms in the same business, 
such as airlines, some private airlines are more profitable but on balance it is approximately 
equal. This research ahns to see whether this is the case for ports. 
Caves et al (1982) m looking at United States private railways and Canadian public railways 
concluded that the Canadian pubUc firm was more efficient. Tandon (1997) states that the process 
of identifymg which approach is more efficient depends upon disentanghng ownership from the 
effects of deregulation and competitioa De Alessi (1980) states that not only are govemment 
firms less efficient but are also less successfid in satisfying the consumer's needs. Everett and 
Robinson (1998) in their research into Austrahan port reform suggest that the "corporatization" 
of some ports has not resulted m the liberalisation and the near private performance that was 
anticipated. Freeh (1980) in looking at the role of property rights within the firm suggests that if 
die ownership stracture is attenuated diis leads to lower firm wealth and more non-pecuniary 
benefits. Thus, privatisation, by shortenmg the ownership stracture should have an opposing 
effect. Likewise the orgarusational stracture should also play a significant role by suggesting that 
shnple stractures be inherently more efficient than the more complex machine bureaucracy and 
divisional stractures. 
Oi^anisational structure 
Roe (1999) hi lookmg at the newly privatised subsidiaries of the state owned Pohsh Ocean Lmes 
observed that diere was a deshe to avoid control from die parent company and to change the 
organisational stracture soon after privatisation. Mmtzberg (1979) looked at organisational 
stractures and reached the conclusion that there are essentially five different types of 
organisational stracture, shnple, machine bureaucracy, professional bureaucracy, divisional and 
adhocracy. As far as ports are concemed oidy three of these seem to fit into the modem day port 
stracture. First let us consider the options diat do not fit. The adhocracy does not fit mto the 
stracture of any port because of its lack of rigidity. Suitable for software companies and film 
producers, its role within a port woidd Kkely lead to chaos. Ports requhre carefUl planning and 
development based upon what may be needed 10 or 20 yeans mto die future. Wifliout the ligidhy 
of a formal stracture each element in the chain woidd not know the wiiole picture, only the person 
at the top may see everything. Likewise the professional bureaucracy is not suitable in a port 
because of die routine and repetitive tasks tiiat are commonplace within a port's day to day 
service. The professional bureaucracy is typical of industries that requhre higjily professional 
people to perform routine tasks in an unsupervised marmer such as solicitors and accoimtants. 
Whilst professional people are required in certain areas and qualified persormel needed to operate 
expensive and dangerous machinery, a professional bureaucracy would not be ^propriate. This 
leaves us with the three remaining stractures that are prevalent in the port mdustiy, viz. shnple 
stracture, machine bureaucracy and divisional. 
Thie simple stracture is the most flexible, allowing separate divisions/departments reporting 
sfraight to the top decision-maker. As the name suggests it is usually the first stage throu^ which 
a company progresses in its evolutioa This stracture by its simpUcity is therefore hkely to be the 
most efficient. 
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The machme bureaucracy is characterised by its many departments reportmg up a chain of 
command to a line manager before reportmg to the top decision-maker. Because the decision 
making has to follow a long process before it reaches-the top, decisions tend to be slower. These 
stractures tend to be found in govemment owned enterprises and hence the inclusion of port 
bodies and corporatisation hi this category. 
The divisional stracture occurs when companies operate within large areas. Each department has 
to report to a regional office that in tum reports to a select group of managers before information 
is passed to the top decision-maker. This stracture can be best seen in the municipal ports of the 
UK and the port societies of Columbia These divisional stractures tend to operate where there 
are joint public/private enterprises or where conglomerates own the port 
Technique for Measuring Efficiency 
Data Envelopment Analysis [DEA] is an established statistical technique which measmres the 
relative efficiencies of units where simple efficiency measures are difficult to obtain (Farrell 1957 
and Chames et al 1978). The main attiaction of DEA is that it can deal with multiple inputs and 
outputs. The units in any DEA assessment are generally homogeneous and independent imits 
performing the same function, and it is of most use where there are a large number of units 
providing an 'identical' service in relative isolation (Szczepura et al 1992). DEA was first 
developed as a way of measuring service units by Chames et al (1979) and was based upon 
Farell's (1957) idea of linkmg the estimation of technical efficiency and production frontiers. The 
model has shice been added to and developed over the years. Between 1978 and 1992 over 400 
articles, books and dissertations were pubUshed on DEA Warwick Bushiess School has 
pioneered the research and is regarded as one of the leading institutions working in this field. 
DEA has been successfully used to research airports (Gillen and LaU 1997 and De La Cruz 
1999), local govemment authorities, courts, hospitals general medical practitioners and bank 
branches to test efficiency where there are multiple cenfres of inputs and outputs. Its apphcation 
to the port industiy would therefore appear to be ideal. There have however only been a few 
studies involving seaports using DEA Martinez-Budria et al (1999) and Tongzon (2001) are two 
stiidies usmg Spanish and Ausfralian ports, respectively. Roll and Hayuth (1983) in a 
hypothetical study state diat DEA is a most suitable tool for measuring port efficiency. 
Sachis (1996) looked at tiie different techniques for measuring productivity and confirmed DEA's 
usefulness. However his research adoptai an engineering method to take account of the 
technological investments when looking at the efficiency of Israeli ports. Various other smdies 
have used the assessment of productivity based upon output per worker (De Monie 1987), output 
per wharf (Frankel 1991) whilst others use production functions (Khn & Sachis 1986 & De-
Neidville and Tsunokawa 1981)]. Gdlen and Lall (1997) looked at akport termmals and chose 
two outputs, number of passengers and pounds weight of cargo. They chose six inputs: number of 
runways, number of gates, terminal area, number of employees, number of baggage collection 
belts and number of public parkmg places. They conclude that the number of gates has the 
greatest overall effect upon efficiency. In terms of ports, gates, which facUitate the loadmg of the 
cargo, could be equated to loadhig cranes, and runways to berths. 
Analysing the results 
Efficiency can simply be expressed as a ratio of output to input provided that the product only 
produces one output However, as most institutions produce multiple outputs from multiple 
inputs each variable must be given a weighting to produce a more accurate result Efficiency then 
begms to resemble the sum of weighted outputs over the sum of weighted inputs. As die metiiod 
of weighting can be biased towards one particular outcome, the DEA technique allows for each 
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weighted mput/output to be seen in its most favourable light. The number of variables entered 
into the formula mean the less emphasis there will be on any particidar piece of data. Therefore 
Szczepura etal (1992)] argue that tiie number of variables should be kept to as low as possible. 
The results of table 2 show tbat by applying this analysis two ports are considered to be 100% 
efiBcient. The results show that the two most efficient ports are also tbe world rankmg number 
one and number two ports in terms of contahier throughput 
The calculations are capped at 100% since this is the maximum efificiency that can be reached. If 
however this cap is removed then the relative efficiency rating for the port of Hong Kong is 
176.14 and Singapore 195.46. This means that Sing^ore is the most efficient contahier port 
examined in this study. The gap between the so-called top two ports that scored 100% and that of 
tiihrd position, Felixstowe, is quite considerable. Felixstowe has a relative efficiency rating of 
62.41, this is around a tiiird less than that of Hong Kong. This difference may result jfrom the 
main priorities-of the top two ports bemg container traffic, whereas the other ports in the study 
seem to diversify mto other areas. 
Cluster Analysis 
Cluster analysis is one of a group of multivariate techniques. As the name imphes cluster analysis 
is a statistical technique vMch sets out to solve problems in data by grouping together similar 
individuals or objects into clusters. The members of the clusters are more alike to each other than 
members of otiier clusters. Thus the aim of cluster analysis is to interpret the variables by placing 
them into new groups that can be easily understood (Aaker et al 1995). It is used m a multitude of 
disciplines such as psychology, biology, sociology, economics, enghieerhig and business (Hair 
1995). It is shnilar to factor analysis but whilst factor analysis is concemed with grouping 
variables, cluster analysis groups objects together. It is particularly useful as a data reduction 
technique when there is a large amoimt of data that would prove arduous to mterpret. By 
groupmg the results into clusters or groups it is then easier to understand what each group 
represents and thus its place in the overall picture. Whilst it is commonly used in an exploratory 
role it can also be used to test hypotheses by comparing the results with the researcher's 
expectations. As with factor analysis, cluster analysis is not a statistical inference technique 
where parameters from a sample are said to be indicative of the entire populatiort On the 
confrary, cluster analysis is an objective methodology for quantifymg the stmctural 
characteristics of a set of observations. Hau et al (1995) state tiiat care should be used when 
relying upon the results of cluster analysis because of the degree of mput and interpretation need 
by the researcher. They state that cluster analysis is more of an art than a science but used 
cautiously the results can be very informative. 
The process begins by selecting the variables to be included into the process. It is then the 
researcher's choice as to how many clusters are included. These two points are hence 
flmdamental in the final results. The acmal variables selected in this research are four and the 
required number of clusters was three. The results of the analysis showed that although three 
distinct clusters could be shown, two distinct clusters were evident 
Discriminant analysis 
Discrimmant analysis is shnilar to cluster analysis in that it attempts to divide individuals and not 
variables into distinct groups. Discriminant analysis differs from cluster analysis hi that the 
number of characteristics derived from the clusters are not usually known before the analysis and 
the group numbers and membership are predicted. Discriminant analysis creates a regression 
equation that uses a dependent variable that is discrete rather than continuous (George and 
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Mallery 1999). It uses pre-existing data in which group membership is already known, a 
regression equation can then be calculated that discriminates between the groups. This pre­
existing data comes from previous studies for which the groups and results are akeady known. 
Analysing Organisational Charts 
Once the organisation charts had been collated it was necessary to classify the ports into the three 
organisational types as identified by Mintzberg (1979) and discussed above. The variety of sizes 
and styles of organisational chart made the identification process arduous but not impossible. 
Mintzberg (1979) identified several different orgarusational stractures that could be apphed to 
any busmess. The three stmctures identified earher as being relevant to ports were simple, 
divisional and machine bxueaucracy stractures. The simple stracture is simply twO layers, the 
divisional stracture "short and narrow" and the machine bureauaacy "tall and fat". When it came 
to applying these three distinct types of organisation to the actual organisational of ports several, 
or indeed most, did not appear to fit. Therefore it was necessary to convert each chart into a 
numerical format m order that it could be analysed on a more objective basis. Because each 
stracture as identified by Mmtzberg (1979) has a characteristic shape to it, it was decided diat the 
most accurate metiiod of equating the organisation model to a formula was to give numeric 
values to the number of units, divisions and layers. The'nmnber of units represented each activity 
within tiie organisatioa Each activity is the process, responsibility, function or undertaking tiiat is 
being generated. All companies consist of such fimctions which combhied represent the entire 
activity of the business. 
The divisions within an organisation chart were determined by die number of disthict vertical 
linear pathways. Where there was littie or no interaction between these distinct vertical linear 
pathways it coitid be evidenced tiiat these were separate divisions that operated on a vertical 
reporting stracture characteristic of a divisional organisatioa In this type of orgaoisation, because 
of the vertical reporting stracture, it is sometimes commonplace for departments worldng in 
parallel not to be aware of what each other is doing. The next characteristic to be analysed 
numerically was the linear stiatification amphtude or the number or layers apparent wifliin the 
organisation stracture. 
Results from the Apphcation of Cluster Analysis 
Table 3 shows the numeric values awarded to each port in terms of the above mentioned tiiree 
disthict organisational criteria, viz. units, divisions and layers. Thus, we can see in the second 
column that if cluster analysis is required to provide three distinct clusters then all those ports 
appearing in cluster one are represented in column two with the number '1'. Similarly, those 
falling into clusters two and three are also marked with the number '2' or '3'. 
The next three columns show how many units, divisions and layers each of the twelve ports have 
present. Thus, readmg from the top of tiie hst for Europe we can see that the port of Antwerp, 
which falls within cluster one, has ten operational units, three divisions and three layers. Compare 
this with Kaohsiung, from the Far East which falls within cluster two, it has 33 operational units, 
four divisions and five layers. Whereas, Le Harve falls within cluster three and has 36 units, eight 
divisions and ten layers. 
Examinmg the average relative efficiency ratmg for European ports, 40.26%, and Far East ports, 
54.77%, it can been seen that there is a significantly difference. When comparing this to the 
relative efficiency ratmg of the three clusters representing the different organisational stractures, 
it can be seen that the average efficiency rating for clusters one, two and three are 61.81%, 
33.76% and 32.58% respectively. Thus, it appears the correlation between efficiency and 
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organisational structure is not as great as between efficiency and certain locadons. 
If however we look at the characteristics of each cluster we can see that the ports hi cluster one 
have an overall average number of eleven imits, six divisions and five layers. In comparison with 
the other two clusters we can determine that the characteristics of cluster one are tiiat it has few 
units, a medium horizontal range of division and a short vertical range of layers which is 
reminiscent of the shnple stractiire. 
However, this differs substantially firom the "ideal" example given by Mmtzberg (1979) of a 
simple stracture two layers deep and elongated horizontally. It shows that the stracture of a port 
can contain several layers and divisions but the key element is that it must have very few 
functional units 
hi cluster two the average number of units is three tirhes that of cluster one at tiurty-three imits. 
The average number of divisions are three and the number of layers seveiL This tells us tiiat the 
key characteristics that make up cluster two are that it contains several units, is narrow 
horizontally and medium sized vertically. The conclusions drawn from this are that this cluster is 
remmiscent of die divisional stiruchu-e as describe by Mmtzberg (1979). 
Cluster three contains the largest number of numerical units at thhrty-seven with the most 
divisions at nine and again the most layers at tea Ports withhi this group have organisational 
stiructures with copious units, are wide horizontally and long vertically. 
The colunm labelled DEA contains the results of the appUcation of Data Envelopment Analysis 
apphed to the inputs and outputs of the port as discuss earlier and shown in table 1. Colunm eight 
represents the ownership stracture of the port. The ownership stracture has been divided into the 
three distinct types of port that exist, i.e. public, private and joint publia'private (p/p). 
Ownership and Efficiency 
Table 3 also shows the average number of ports owned for the three different port types as 
defined by Cass (1996) and the average efficiency rating for each cluster. Thus, we can see from 
cluster one that out of the sample of twelve ports, five are pubhc/private, five pubUc and two 
private. The ports falling into cluster one have an average efficiency of 61.81. hi cluster two 
there are four ports, of which two contain some form of private ownership, with an average 
efficiency of 33.76%. Whereas in cluster three, both ports are pubhcly owned and the average 
efficiency rating is 32.58%. 
By placing the results from tiie efficiency analysis and the numerical values assigned to the 
orgarusational charts into cluster analysis it has shown that the most efficient organisational 
stracture is the simple stiructure. The ownership stracture on the other hand does not seem to have 
a bearing upon efficiericy as there is no ownership type dommant within any one cluster. The 
difference between the efficiency of the three clusters is only marginal. However, in a larger 
sample of over thirty ports Valentine and Gray (2001a) found there to be more of a distinction 
between the clusters. Applying discriminate analysis tiie results were exactly the same as for 
cluster analysis. This therefore confirms the results of cluster analysis as bemg rehable. 
Conclusion 
This smdy is limited by the relatively small number of ports examined, twelve. Any conclusions 
drawn must therefore take this into consideration. Previous studies carried out by the authors, 
Valentine and Gray (2001a & 2001b) with a greater number of ports have shown more significant 
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findmgs. The results from this paper do however show that cluster analysis can be apphed to 
analysing organisational charts. The results enable clearly defined types of organisational 
stmctures to be identified and also confirm that ports can be defined into die categories identified 
by Mintzberg (1979) i.e. simple, divisional and machine bureaucracy. Furthermore the use of 
DEA as a means of testing contmner port efiBciency has also proven successful in helping to 
highlight the characteristics of an efficient port. The results show that for this sample there is a 
significant dhBEerence between the simple stmcture and the divisional and bureaucracy stmctures. 
Ports with a simple organisational stmcture m this study achieved around twice the eflSciency 
levels of ports from either of the other two organisational stmctures identified. However, there is 
littie dhEference between the divisional and bureaucracy structures, nor does ownership appear to 
have any significant influences upon efficiency. Predictions can therefore be made based upon 
the regional location of a port and by examining its organisational chart to detemiine which of the 
Mmtzberg (1979) categories is applicable and tiius the likely efficiency ratmg. Since a port's 
location cannot be moved to distant regions, organisational restmcturing may seem like the only 
altemative to tummg aroimd an inefficient port However organisational restracturing must not 
been seen in its own right to be a panacea but must go hand-in-hand with new financing and 
investment. The recommendation for port managers is to be aware of regional characteristics and 
implement a stracture that is simple in nature and therefore robust and reflective to changing 
envkonments. 
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Table 1 Raw data being analysed by DEA* 
Port No. of Total tons Total Container 
Containers throughput Length berth 
of berth length 
[metres] [metres] 
Antwerp 3,265,000 119,788,549 62,052 8,859 
Felixstowe 2,461,823 30,025,285 3,972 2,773 
Gtenoa 1,265,593 46,681,644 8,375 1,720 
Hambiu-g 3,546,940 75,821,000 25,941 11,615 
Hong Kong 14,582,000 167,170,000 13,801 6,059 
Kaohsiung 6,271,053 98,203,000 25,800 7,790 
Keelimg 1,621,222 26,601,000 7,730 3,090 
Laem Chabang 1,425,000 13,743,000 3,350 1,600 
Le Havre 1,320,000 66,407,000 15,037 5,225 
Rotterdam 6,010,000 314,774000 77,000 13,530 
Singapore 15,100,000 313,322,000 25,884 5,810 
Tanjung Priok 1,609,340 30,903,000 9,205 2,440 
Table 2 Relative efiSciency rating of sample ports togedier with world ranking for 1998 
Port Relative Worid Efficiency 
Efficiency Ranking Ranking 
Singapore 100 1 2 
Hong Kong 100 2 1 
Fehxstowe 62.41 14 3 
Genoa 50.33 34 4 
Rotterdam 43.14 5 5 
Laem Chabang 40.26 29 6 
Le Havre 36.47 30 7 
Kaohsiung 32.23 3 8 
Keelung 28.41 24 9 
Tanjimg Priok 27.73 25 10 
Antwerp 25.07 9 11 
Hamburg 24.13 7 12 
* N.B. The colunm labelled 'No. of Containers' represent data derived firom 1998 and published by Cargo System 
Journal in July 1999. The source for the data represented in the remaining columns is derived from Fairplay World 
Ports Encyclopaedia for the year 1998. 
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Table 3 A n analysis of ports by organisational structure, ownership usmg cluster and 
Port Clusters Units Divisions Layers DEA Ownership 
Europe Cluster 1 
Average Units 
Average Divisions 
Average Layers 
p/p 
Public 
Private 
Total 
Antwerp 1 10 3 3 25.07 p/p 
Felixstowe 1 12 10 4 62.41 private 
Genoa 2 33 3 5 50.33 p/p 
Hamburg 2 29 3 11 24.13 p/p 
Le Havre 3 36 8 10 36.47 pubUc 
Rotterdam 1 10 5 3 43.14 p/p 
40.26 
Average EfSciency 
Far East 
Hong Kong 1 10 5 4 100 private Cluster 2 
Kaohsiung 2 33 4 5 32.23 pubUc Average Units 
Keehmg 2 37 3 7 28.41 public Average Divisions 
Laem Chabang 1 12 8 11 40.26 p/p Average Layers 
Singapore 1 10 7 4 100 public p/p 
Tanjung Priok 3 38 10 9 27.73 pubUc Public 
54.77 Private 
Total 
Average EfQciency 
Clusta:3 
Average Units 
Average Divisions 
Average Layers 
p/p 
Public 
Private 
Total 
(key p/p = Average Efficiency 
public/private) 
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